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Collelolrichum  species  causa  serious  diseases  in  strawberry  worldwide  and  little 
is  known  about  their  etiology  and  epidemiology.  The  purpose  of  this  study  was  to 
evaluate  the  potential  for  CoI/crorrlcAnat  spp.  to  otcr-summerin  plant  debris  under  llcld 
conditions  in  Florida  and  to  investigate  the  population  struerure  of  these  fungi  and 
etiology  of  Ihc  diseases  they  cause.  Sirawberry  crowns  naturally  infceled  with 
Calieiomchum  spp.  were  placed  inside  cloth  bags,  buried  in  Ihc  field,  and  then  recovered 
over  a period  of  6 months  during  two  consecutive  years.  .After  recovery,  the  crowns  tvere 
plated  onto  a CoHeioiricImni  semwselcctive  medium  and  spcciatcd  by  colony  and  spore 
morphology,  and  by  PCR  using  primers  from  the  ribosomal  DNA  internal  transcribed 
spacer  (ITS)  region.  Of  428  isolates  of  Colleioiridium  spp.  recovered,  96%  were  C 
gloeospoholdfs  and  4%  C.  ocuuiiim.  Recovery  of  Calleroirichum  spp.  began  to  decline 
3 or4  weeks  after  burial  and  no  Cclliioiricliam  ifp.  were  detected  after  98  days  of  burial. 


Because  Ihc  lime  between  seasons  is  typically  luoiu  than  1 70  days,  these  data  suppoti  Ihe 
hypothesis  that  Ihe  inoculum  ofC  gloeosporioides  from  plant  debris  does  not  play  a 
major  role  in  Colleioirichiim  crown  rot  epidemics  in  Florida,  in  a second  experiment, 
monocotiidial  isolates  of  Colleloirichum  spp.  were  evaluated  to  conlimi  liie  etiology  of 
Colteioirichum  crown  col  (1 16  isolates)  and  nnihntcnose  fniil  rot  (SO  isolates),  and  assess 
Ihegenelicdivcrsity  of  the  pathogen  populations  involved  in  these  diseases.  Using 
randomly  amplified  polymorphic  DMA  (RAPD)  analysis,  DNA  (ragraents  between  0.02 
to  2.8  kb  in  size  were  convened  into  a binary  character  matrix  and  analyzed  using 
computcralgorithms.  Few  polymorphisms  were  observed  among  fruit  rot  isolates.  In 
eonirasi.  crown  rot  isolates  were  highly  polymorphic.  ITS  primers  identified  all  fruit  rot 
isolates  os  C tjaitaium.  Among  crown  rot  isolates.  08%  of  tested  isolates  were  idemified 
as  C.  g!oeosporIoides  and  only  2%  as  C.  ucuiaiiwt.  The  R.APD  and  ITS  data  analysis 
suggested  that  anrhraenosc  liuilrot  is  caused  by  an  asexual  (clonal)  population  ofC 
aciirotum  whereas  Calleioirkliitm  crown  rot  is  caused  by  a highly  polymorphic  sexually 
reproducing  populnuon  of  C.  glofosporioides. 


CHAPTER  I 
INTRODUCTION 

The  ebllily  to  cause  infections  in  a wide  range  of  plants  (Incluiling  imporunt 
monocoiyledonous  and  dicotyledonous  crops)  haa  placed  Colleioirkhum  spp.  among  the 
most  imponani  pathogen  groups  especially  in  sub-lrupical  and  tropical  regions  (Bailey 
andJeger,  1992),  These  diseases  produce  symptoms,  commonly  known  as  anihracnosc. 
in  an  equally  diverse  group  of  organs  of  host  plants  including  fruits,  leaves,  and  stems 
(Bailey  andJeger,  1992),  Typtcal  anihracnose  symptoms  are  genemlly  described  as 
limited,  slightly  sunken  lesions  often  having  salmon-pink  sticky  spore  masses  (Bailey  and 
Jeger,  1992;  Havvkstvorth  el  al..  1995). 

Within  the  United  Slates,  strawberry  {Fragoiicj  s ai'onassa  Duchesne)  is 
considered  a minor  crop  (Hotvard  et  al„  1992).  However,  among  Florida  vegetables, 
sirawbeny  ranks  third  in  production  value  with  a total  farm  gate  revenue  value  greater 
than  USS16I  million  for  the  1997  to  1998  season  (Florida  Department  of  Agriculture  and 
Consumer  Services.  1999). 

In  strawberry.  Co/ferorr/c/nrni  spp.  cause  important  diseases  that  afTcct  crown, 
leaf,  petiole,  stolon,  fruit,  and  peduncle  (Howard  el  ah,  1992;  Howard  and  Albregts, 

1983;  Maas.  1993)  and  can  cause  significant  yield  losses  in  most  strawberry  production 
areas  worldwide  (Howard  and  Albregts,  1983;  Olcolt-Rcidd  and  Moore,  1995;  Wilson  ct 
ah.  1992).  In  Florida.  Colleiolrichum  spp.  Iiave  caused  up  to  80%  crop  loss  m nursery 
and  fruiting  fields  (Howard  ct  ah,  1992;  Howard  and  Albregts,  I9S3).  CoJ/etorrir/iu/n 


aaiiarum,  C.  gloeosporioides,  ard  C.fragariae  arc  llie  mosl  frequently  identified 
pathogens  associated  with  amhracnosc  on  slrawherry  (Freeman  and  Kalan,  1997;  Howard 
ci  al..  1992)  and  it  has  been  suggested  that  a complOK  oflhcse  pathogens  is  responsible 
for  the  various  diseases  observed  in  production  fields  (Howard  ot  al_  1992). 

Although  it  is  geneially  accepted  that  splash  or  wind*drivcn  rain  dispersed  conidia 
accoums  for  most  of  the  within  field  dispersal  at  Colkioirichiim  spp.,  it  is  likely  that 
some  conidia  of  Collcioirichum  spp.  are  dispersed  through  the  lield  by  harvesting  and 
other  farm  operations.  (Boudreau  and  Maden.  I99S:  Legard.  200C;  Mass.  1993). 

Although  the  role  played  by  conidia  in  disease  on  strawberry  fruit  Is  clear,  other 
epidemiological  questions  about  diseases  caused  by  Coiletoiricliiim  spp.  and  the 
taaonomy  of  the  pathogens  (both  ananicrphic  and  tcleomorphic  stages)  remain  to  be 
resolved  (Bailey  and  Jeger.  1992).  Because  of  the  dilTiculty  in  spcciating  Colletoiyichuni 
spp.  determining  the  etiology  of  these  diseases  has  been  diBicult.  Contradictory 
information  e.'tists  un  the  survival  of  the  fungus  in  soil  as  well  as  the  source  of  initial 
inoculum  for  amhracnosc  epidemics  (Howard  ct  al.  1992;  Sutton.  1992;  Smith  and 
Black,  1990).  To  improve  the  management  of  these  diseases,  elucidating  the  etiology  of 
these  diseases  is  critical.  If  distinct  species  arc  responsible  for  different  diseases  on 
strawberry,  then  biological  differences  between  the  species  could  be  exploited  to  improve 
their  control. 

The  goals  of  the  research  for  this  dissenaiion  were  to  improve  the  uniiersianding 
of  the  etiology,  epidemiology,  and  biology  of  Colleiolridwni  spp.  that  cause  cro'vn  rot 
and  fruit  rot  on  strawberry  in  Florida,  This  research  focused  on  two  major  areas,  the 
potential  for  Colieiotrichum  spp.  to  ovorsummer  in  plant  debris  and  serve  as  a source  of 


primary  inoculum  for  crown  rot  epidemics  in  Florida;  and  the  etiology  and  population 
genetics  of  Co/ZerorricAuui  spp.  responsible  for  fruit  rot  end  crown  rot  epidemics  in 
Florida. 


CHAPTER  2 

REVIEW  OF  LITERATURE 
Scrawben-v  Indiuirv  ird  Pmduccion 

Strawberry  {Fragaria  x ananasia  Duchesne)  is  among  llic  most  perishable  of 
Fresh  FruiL  making  the  production  and  eommereializalion  oFgcod  quality  fruit  didicuit. 
Despite  this,  worldwide  production  has  been  increasing  especially  in  the  northern 
hemisphere  (Hteiaramaand  Linna.  2000;  Mitchell.  1992).  The  United  Stales  is  the 
largest  producer  with  20%  oFthc  world’s  crop  Followed  by  several  European  and  Asiatic 
countriesineludingSpain.  Italy,  Japan,  and  the  Korean  Republic  (Hancock.  1999; 
Hietaranta  and  Linna.  2000).  Strawberry  production  in  tltc  United  States  has  steadily 
increased  since  the  I970’s  even  titcugh  the  land  under  production  has  remained  reiauvely 
unehangedduringlhelast30yearswiihea.21.000ha(Hancock.  1999).  Thcrisein 
production  is  due  mainly  to  major  increases  in  marketable  yield  in  California  and  Florida, 
which  along  with  Oregon  and  North  Carolina  arc  the  most  important  production  areas  in 
the  USA  (Hancock.  1999).  In  Florida,  tiie  Farm  gate  revenue  For  the  strawberry  crop 
during  the  1997  to  1998  season  increased  90% over  the  1990  to  1991  season  (S161. 2 
million,  vs.  S84.8  million;  Florida  Departmem  of  Agriculture  and  Consumer  Services. 
1999). 

The  primary  market  for  Florida  fresh  strawberries  extends  across  the  U.S.  and  into 
southern  Canada  (Florida  Department  of  Agriculture  and  Consumer  Services.  1 999; 
Maynard  ei  al.,  2000).  A majority  of  the  production  in  Florida  is  located  in  weat*ccninil 
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Florida,  around  Ihe  Dover-Plaiit  City  area.  Tlie  agrowological  advantage  of  the  region 


for  December  through  February  is  10.5*C.  Strawberry  plants  are  induced  to  dormancy  by 
icmpcraturea  below  7.2“  C and  nighttime  lemperotuccs  above  15*  C favor  flower  bud 
formation.  At  higher  temperatures  and  depending  on  cultivar,  the  criUcal  pholoperiod  fur 
floral  induction  is  8 tol2  h (Hancock.  1999),  Starch  storage  occurs  at  temperatures  below 
7.2“  C and  fruit  production  is  restricted  if  plants  arc  storing  starch  (Salisbury  and  Ross, 
1992).  Addiiionaliy,  it  has  been  observed  that  the  rate  of  floral  development  is  strongly 
related  to  temperature,  as  it  is  the  rale  of  fruit  production  (Hancock,  1999).  Therefore, 
winter  temperatures  found  in  west  central  Florida  arc  iho  most  suitable  temperatures  for 
winter  production  of  fresh  strawberry  in  the  U.S. 

Commercially  strawberry  plants  are  clonally  produced  (Hancock.  1999)  and  in 
Florida,  giecn*top  transplants  from  nurseries  in  the  nonheastcro  US  or  southeastern 
Canada  are  set  each  season  from  late  September  through  early  November.  Seedlings  are 
transplanted  on  methyl  bromide-fumigated,  plastic -mulched  beds  and  overhead  irrigated 
for  10  to  14  days  during  establishment  (Legard.  2000;  Maynard  ci  al.,  2000).  Fruit  arc 
typically  harvested  from  late  November  through  early  April  (Florida  Department  of 
Agriculture  and  Consumer  Services.  1999;  Maynard  ct  al..  2000),  allhcugh  some  fruit  are 
harvested  In  late  October  and  late  April. 

-At  the  end  of  the  season,  growers  destroy  the  plants  by  applying  paraquat  or 
mowing  the  lops  off  the  plants.  Some  growers  will  plant  spring  vegetable  crops  into  the 
existing  beds  atler  killing  the  strawbeny  plants.  From  April  to  late  May.  a grain  or 
legume  cover  crop  is  typically  plumed.  During  August  or  early  September,  the  cover 


s.  In  west  central  Florida  the  average  low  lonpcraiurc 


crop  isincoiporaled  and  raised  beds  are  formed  and  fnmigaicd  with  a mixiure  of  methyl 
bromide  and  chloropicrin.  In  Florida,  only  the  beds  arc  fuinigaied  and  sirawbcnies  arc 
grown  in  the  same  location  every  season  wilhonl  crop  rotation  (Lcgard,  2000). 

Species  in  the  genus  Fragaria  have  distinct  sexes  (sexual  dimorpliism  is  present 
only  in  some  of  tlic  species),  and  reproduce  both  sexually  and  ascxually  (Hancock.  1990). 
Genetic  exchange  among  the  species  is  relatively  unresmcled  (Galletta  and  Maas.  1990; 
Hancock.  1999).  Cultivated  strawberry  resulted  from  a cross  between  F.  chihensis 
(SX=56  chromosomes)  and  F.  v/rgi/iroiio  (8X)  (Hancock,  1990;  Maynard  cl  al..  2000). 
The  most  broadly  distributed  natural  species  is  the  diploid  F.  veico,  found  in  North  and 
South  Amcricn,  Europe.  Asin.  and  Hawaii  and  is  considered  to  be  the  progenitor  of 
modem  ociopioid  strawberries  (Hancock.  1990). 

Most  strawberry  breeding  programs  have  been  focused  on  improve  fruit  quality 
[such  as  incorporation  of  flavor  end  aroma),  increase  marketable  total  yield  or  early  yield, 
and  the  ability  to  mature  and  size  auraclive  fruit  under  a variety  ofciimalic  stresses 
(Daubeny,  1990;  Oalleta  and  Maas,  1990;  Lawrence  ci  al„  1990).  Lesser  lime  and 
resources  have  been  dedicated  to  breed  or  screen  new  strawberry  cultivars  for  disease 
resistance  and  only  a few  diseases  have  received  significant  auenlion  from  breeders 
(Denoyes-Roihtmcial..  1999;  Hancock,  1990;  Maas.  199S).  Resistance  to 
Collerartchum  spp.,  Diplocarpoii  eurliana.  M)viaphaerella  fmgariae,  Phyiopiuhoi'o 
fragariije,  and  Verricitliuni  spp.  have  been  described  tn  many  strawbetry  cultivars  under 
greenhouse  and  field  conditions  (Daubeny.  1990;  Dcnoycs-Roiban  et  al.,  1999;  Gallelaci 
nl.,  1993;  Maas.  1998).  Resistance  of  strawberry  plants  lo  Collelotrichiim  spp.  is  afTecicd 
by  environmental  conditions  (Denoyes-Rothan  cl  al..  1999;  Smith  and  Black.  I9S7)  and 


apparently  la  mctiogcnicaliy  controlled  by  major  genes  (Smith  and  Black,  1990).  There 
are  reports  indicating  that  expression  of  disease  resistance  depended  on  the  strains  of  the 
pathogen  as  well  as  the  type  of  symptoms  produced  by  the  pathogen  (Dcnoyes*Rothan. 
l997;Guptonand  Smith,  1991;  Smith  and  Black,  1990).  Cultivar  Sweet  Charlie,  for 
example,  is  highly  resistant  to  anthmenose  fruit  rot  but  susceptible  to  Colleiotrichunr 
crown  rot  (Chandler  etal..  1997). 

Stnwbcrrs'  Anatomy  and  Morphology 

Strawberry  is  a perennial  in  the  Rosaceae  family  and  il  is  considered  for  some  the 
only  vegelable  crop  in  this  family  (Maynard  ot  aL.  2000).  However,  a laige  number  of 
ornamental  plants  and  important  tree  fruits  such  as  apple,  pear,  cherry,  and  plum  arc 
included  in  this  family  (Hancock.  1999;  Maynard  ctaL.  2000).  Most  species  in  the 
Rosaccac  family  have  allemuie  leaves  and  siipoles  and  these  may  beadnsie  to  the  petiole 
(growing  with  one  side  adherentc  to  the  petiole).  In  the  subfamily  of  the  sinwberry 
(Rosoideae)  apocarpous  pistils  mature  into  achencs  (embryo  into  a hard  scud  tvrthin  a 
hard  indehisccni  fruit).  As  fruiting  from  one  (lower  develops,  the  individual  acbenes 
become  spaually  isolated  on  the  surface  of  the  greatly  enlarged  reccplaclc  giving  tlie 
"fruil"  its  bolanical  classillcation  os  an  aggregate  accessoiy  fruit.  Those  dried  onc-seeded 
fruilsarecoramonly  named  os  the  "aceds"  of  the  fruit  (Gallella  and  Brtnghursl.  1990). 

Tbe  strawberry  plant  is  characterized  by  a short  (aproximalcly  2.5  cm  long) 
central  stem  known  as  Ihc  crown  from  which  leavns,  stipules,  roots,  stolons,  and  modified 
5teroaorcymcs(in(lorescences)emcrge(Hancock.  1999).  The  crown  is  composed 
inlemally  ofa  continuous  central  slrand  of  predominantly  parenchymatous  and  vascular 
itssuL*  (pith  or  medulla)  surrounded  by  a shallow  cortical  orea  and  Ihc  epidermis. 


Lignificaiion  of  vascular  elcmems  during  laleral  crown  growth  produces  a hard  and 
woody  tissue  in  the  crown.  Functional  organs  such  as  roots  and  leaves  originate  above 
the  older  woody  poition  of  the  crown  (Galletta  and  Bringhurst,  1990). 

The  leaves,  arranged  inali^t  2.5  spiral,  arc  trifoliolale  (with  three  leafleu)  and 
pinnate  (Hancock.  1999).  Axillary  meristems  are  located  between  each  leaf  and  the 
crown  and  depending  on  the  environment  and  nutrition  level,  these  may  develop  into 
runners  (Galletta  and  Bringhurst.  1 990).  A terminal  merisicm  can  develop  leaves  or 
become  an  infiorescence  in  which  case  the  continuing  vegetative  crown  gromh  displaces 
the  inflorescence  of  the  original  terminal  axis  off  to  one  side  (Ga)lena  and  Bringhurst, 
1990).  The  small  flowers  have  five  sepals,  a very  short  hypanthium  (an  enlargement  of 
the  cup-shaped  receptacle  bearing  on  its  rim  the  stamens,  pctols,  and  sepals)  and  an 
apocarpous  gynoccium  of  many  free  carpels  on  an  elevated  receptacle  (Hancock.  1999: 
Galletta  and  Bringhurst,  1990). 

Collmiiriclnim  sno  Disease.  Taronomv.  and  Host  Snecificitv 
Htsiorically,  anihraenose  diseases  of  foliage,  stem,  and  fruit  have  caused  serious 
losses  in  many  crops  worldwide  (Agrios,  1997).  The  icrai  aniiiravnose,  which  literally 
means  "coal  illness."  was  first  used  In  a sympiomaiie  sense  bi  France  in  I8S3  to  describe 
carbon-like  symptoms  produced  by  Sphacehma  ampeUnum  (icleoniorph  Elsiuoe 
ampeiina)  in  grapes  (Utis  sp.)  (Ulloa  and  Hanlin.  2000).  but  later  was  applied  to  diseases 
caused  by  ascomyceious  fungi  producing  conidia  wiihin  black  acervuli  such  as 
Diptocarporj,  ElsinoS,  Cnominia,  and  ClomereUo  (Agrios,  1997).  Anamorphs  of  these 
genera,  which  can  be  found  under  the  foimer  elassiUcation  of  aeervular  coelomycetes 
(Deutcromycolina  fungi  in  which  conidia  are  formed  wiihin  a cavity  lined  by  host  tissue), 


includes  Marssonina,  Spiiacehma,  end  CoHeioirichum  (Kawkswcdh  cl  al.,  1993;  Sunon. 
1 980).  Symploms  produced  by  Gloeosporiiini  have  also  been  reponed  in  the  lucmture  xs 
amhracnosc  (Hawswonh  ci  al.,  1995).  However,  the  name  Cloeosporwm,  proposed  for 
Collpmiichum-Vkz  fiingi  that  did  not  produce  setae,  has  been  rejected  and  fungi 
associated  with  this  genus  arc  now  classified  as  A/orssouino  spp..  Colleioirtchiun  spp. 
and  others  (Hawsworth  er  al..  1995;  von  Atst,  1957  as  quoted  by  Bailey  and  Jegcr,  1992). 
Today  the  use  of  the  term  anthraenose  still  retains  its  etiological  implications  and  is 
usually  associmed  vtdlh  fungi  that  form  black,  sunken,  limited  lesions  in  which 
subcutaneous  or  subepidcrmal  accrvuli,  with  conidia  in  mucilaginous  masses,  usually 
pink  oromnge  to  off'White  (oOen  appearing  on  the  host  in  concentric  circles),  arc  present 
(Agrios,  1997;Bentslein,  1995.  citing  Stoneman,  1898). 

Among  fungi  associated  with  anthraenose  type-symptoms,  the  genus 
Colleioirichum  is  considered  one  ofibe  most  important  because  of  its  worldwide 
distribution,  and  ability  to  cause  both  preharvesi  and  postharvesi  mfeettons.  and  the 
magnitude  of  economic  losses  in  important  crops  worldwide  (Bailey  and  Jeger,  1992; 
PruskyetaUIOflO).  In  1837,  Corda  (cited  by  Duke,  1928)  proposed  the  genus 
Celleioirichum  with  a unique  species,  C.  lintolea.  Linear  accrvuli,  fusiform-eurved, 
acute,  hyaline  spores,  and  dark,  opaque,  subulate  setae  characterized  the  fungus.  The 
name  Colleioirichuni  was  accepted  despite  literature  suggesting  that  the  name 
V'ermicularia  may  be  an  earlier  name  for  species  that  are  now  accepted  in  Collelotrickiim 
(Sutton.  1992).  Some  authors  believe  that  the  main  reason  for  keeping  the  name 
Colleioiriehum  Is  because  many  well-known  diseases  had  already  been  attributed  to 
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species  ot Colletoirichunt  by  the  time  the  issue  was  settled  (Bernstein,  1995;  Duke, 

1928). 

The  debate  on  nomenclulure  and  taxonomy  of  fungi  identiHed  as  CoUeioiriehum 
has  oftenbeen  inconclusive  (Bailey  and  Jeger,  1992;  Berasleia  1995;  Pmsky  etal., 

2000).  Many  taxonomic  and  nonienclatiunl  synonyms  have  been  described  in  or 
assigned  to  Colieioiriclium  (Suuon.  1992).  A major  revision  by  Grove  and  von  Atx 
resulted  in  a large  number  of  species  having  their  names  changed  from  Vermicularia  mi 
Cloeaporium  to  Collelotrichim  with  CoUeioirlt'hMm  gloeaspcrioldfs  being  designated 
as  the  conidial  state  of  all  fungi  with  the  tcieomorpN  in  Clomeralla  ciiiguhia  ((Sloncman) 
Spald.  andH.  Schrenk))  (von  Arx.  1957;  cited  by  Sutton,  1992).  Cclleioirkhmi 
gloeosporioicJes  was  proposed  afler  moving  the  name  of  the  causal  agent  ofanlhmcnosc 
ofeitrus  from  Vermiculuna  (Penzig,  1887;  cited  by  Bernstein.  1995). 

Spcciation  of  Colhioirklnim  traditionally  has  been  based  on  the  shape  and  size  of 
contdia  and  appressoria.  production  ofpcrilhecia  or  setae,  and  colony  grownh 
characteristics  (Gunnell  and  Gubler.  1992;  Smith  and  Black.  1990;  Sutton.  1980). 

Species  w'ithin  the  genus  are  generally  characterized  by  formation  ofsubcpidcrmal  or 
pcridermal  acervuli.  The  differunt  species  may  or  may  not  produce  dark  brown  to  black 
scicrotia.  Dark  setae  often  arc  found  in  the  acervuli.  Conidia.  produced  from  phialides, 
are  typically  elongated  and  hyaline  with  pointed  to  rounded  ends  (Sutton.  1980).  Radial 
growth  rate  has  also  been  proposed  to  different  [ate  species  of  Colleiotrichum  (Gunnell 
and  Gubler,  1992).  However,  Colleiotrichum  spp.  arc  highly  variable  and  dllTercnilation 
using  morphological  or  growth  rate  characteristics  may  be  unreliable  (Chakraborty  et  ah, 
1997;  Freeman  et  aJ.,  1998;  Sutton.  1992).  Frequently,  descriptions  of  morphological  or 


phenotypic  characters  have  been  based  on  observations  made  in  vitro  under  conditions 
that  have  rarely  been  siandarditred.  This  increases  the  uncertainty  oridentifieation 
especially  considering  the  phenotypie  plasticity  of  individual  isolates  (Sutton.  1992). 

The  actual  system  used  for  identification  o( Collftoiridtum  species  is  further 
compromised  by  the  fact  that  many  descriptions  within  the  taxon  were  heavily  based  on 
host'relaicd  criteria  (i.e..  hosispecialiaation  or  host  virulence)  rather  than  morphologieal 
characters  (Cannon  cl  al.,  2000;  Denoyes  and  Baudry.  1995;  Sutton.  1992).  In  one  study, 
an  improved  description  of  Cfragariae  and  C g/oeoipDriotc/ei  affecting  strawberry  was 
pursued  by  studying  the  pathogenicity  and  virulence  of  isolates  of  C.glOL’osponoiiies,  C. 
fragariatf,  C.  Irifotii.  C.  cocceit/es.  and  C deniuriuni  (Maas  and  How  ard,  1985).  After 
testing  isolates  of  these  patliogens  in  stolons  and  fruits  of  strawberry  and  apple  it  was 
suggested  that  isolates  of  C./ragarioe  may  represent  a distinct  group  from  those  ofC. 
gheosporioides.  However,  it  was  also  concluded  that  under  favorable  environmental 
conditions  isolates  ofC  coccm/cs  and  C.  gheosporiotdvs  could  be  os  virulent  as  C 
fragariae  in  strawberry  stolons  (Maas  and  Howard,  1985)  indicoung  the  potential  for 
misidemificalion  of  isolates  based  on  host  reaction.  Similarly,  [he  pmciicc  of  retaining 
etiological  implications  in  the  use  of  the  term  anthrjcnosc  has  resulted  in 
morphciogicaJly  indistinguishable  CoIIetoindnm  isolates  being  assigned  to  different 
species  based  on  the  host  of  origin  (Sreenivasaprasad  el  al..  1996a)  even  though  that 
initial  sources  of  inoculum  for  diseases  related  to  C gloitorporioides,  C.  demaiiuni.  C. 
aLUtaiunt,  and  C.  graminicola  have  originated  from  an  apparently  random  collection  of 
alternative  hosts  from  difrercni  plant  species,  genera  and  families  (Bailey  and  Jeger, 

1 992;  Sreenivasaprasad  elal.,  1992;  Freeman  el  al..  1998:  Mordue.  1971;  Prusky  eta!.. 
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2000;  Sulton,  1992).  These  situolions  have  led  to  circumstances  in  which  identification 
of  isolates  of  Cotleraricliiim  spp.  have  been  challenged  or  confirmed  to  be  erroneous 
(Agostini  eial.,  1992;  Timincrctal.,  1998;  Sutton.  1992).  In  Florida,  poslbloom  fruit 
drop  of  many  eiirus  species  was  mistakenly  associated  with  slow-growing  strains  ofC 
glotosporiordfs  before  C.  aciiraiunr  was  identified  as  the  real  causal  agent  of  the  disease 
(Agostini  et  ah,  1992;Timmcreial.,  1998),  These  situations  illustrate  that  the  use  of 
traditional  lasonomic  methods  with  ColleioTrichuin  species  has  resulted  in  ‘'very  broad, 
unreliable  and  non-prcdictive"  uuonomic  concepts  (Sutton.  1992]  that  have  the  potential 
to  produce  misidentillcation  of  pathogens  responsible  for  Colletoiriclium  diseases. 

Moiccuiar  approaches  to  resolve  the  issue  of  the  taxonomy  with  and  within 
CoHeioincbuin  species  appear  to  be  more  appropnale  for  inferring  true  phylogenetic 
relationships  at  different  taxon  level,  and  to  test  new  and  old  hypotheses  such  as  host  or 
geographic  spccifioity  (Bruns  el  ah,  1991;  Freeman  et  ah.  2000;  Sreenivasaprasad,  et  ah 
I99bb>.  Molecular  leehniqucs,  including  restriciton  fragment  Icrngih  polymorphism 
(RFLP)  and  mndom  amplifted  polymorphic  DNA  (KAPD)  analyses,  were  used  to 
differentiate  mitochondrial  DNA  (mlONA)  from  European  and  North  American  isolates 
of  C cjculaiu/ii.  C./ragariae.  and  C.  gloeospofioides  from  strawberry  (Sreenivasaprasad 
et  ah.  1992).  isolates  efC.  acuiaiwfi  could  be  separated  according  to  geographic  origin 
ev'cn  when  considerable  bcierogencity  in  mtDNA  polymorphisms  was  detected  within 
isolates  from  diveiac  hosts  (Sreenivasaprasad  cl  aU  1992).  Analyses  ofarbitrarily 
primed  PCR  (ap-PCR)  and  A * T-rich  DNA  banding  patterns  confirmed  that  grouping  of 
C,  acviaium,  C.frugariae  and  C.  gheosporioidei  isolates  bast'd  on  molecular  markers 
could  differ  from  groupings  based  on  classical  taxonomic  identifications  (Freeman  et  al.. 
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1993).  Host  specificity  oTC.  gheosporioides  was  evaluated  by  looking  at  the  genotypic 
relationship  among  isolates  inrecling  avocado,  banana,  mango,  and  papaya  (Hodson  cl 
al.,  1992).  Probes  constructed  with  ribosomal  DNA  (rDNA)  and  mitochondrial  DNA 
ImDNA)  from  Saccharomyc^s  cuiisbergeniis  and  C.  gtoeosporioidcf  were  used  to 
generate  RPLPs  and  RAPDs  markers  and  to  analyze  DNA  polymorphisms.  Isolates 
obtained  from  difTerent  hosts  never  liad  the  same  rDNA  or  niiDN'A  RTLP  patterns  but 
isolates  could  not  be  grouped  according  to  host  with  the  exception  of  isolates  from 


The  ability  to  chameterize  isolates  of  fungi  using  molecular  markers  has  Itad  a 
profound  impact  on  the  study  of  natural  populations  ofplant  pathogens  (Bruns  el  al., 
1991).  Moleculoranalysis  by  pulse  field  gel  electrophoresis.  RFLP.  polymerase  chain 
reaction  (PCR),  restriction  enzyme  digest  analysis,  scpucncc  onalysis.  and  nucleic  acid 
hybridization  allows  dcicrminuiion  of  chromosome  number,  dirfercnccs  between  species 
or  isolates,  genome  complcsiiy,  recombination  frequencies,  linkage  between  genes, 
identinculLon  of  specific  genes  of  imercsl,  and  provides  insights  into  the  dynamics  of 
populations  (Bruns  et  al.,  1991;  Rodriguez  and  Redman,  1992).  In  Cirnrs  spp..  analysts 
of  RFLPs,  and  peciic  zymograms  with  isoenzymes  ofeucinase  polygaiacluronases,  pectin 
esterases,  and  pectin  lyases,  indicated  that  a unique  sub-population  of  C.  gloeosporioides 
was  the  causal  agent  of  citrus  posibloom  fruit  drop(Gtanlotti  and  Davis,  1991;  Liyangc  ei 
al,  1992;  Liyangc  Cl  al„  1993).  Spcciation  of  the  isolates  as  C.  gloeospon'oidcs  was 


determined  using  only  host  origin  and  morphological  characters.  Subsequent  studies 
(Brown  el  al..  1996)  found  that  DNA  from  these  isolates  yielded  a 490-bp  fragment 
specific  to  C.  acuraium  when  amplified  by  PCR  with  primers  Calnt2  and  Ihe  ITS  4 but  no 


specific  ampUncalion  prodiicis  were  produced  when  using  DNA  from  isolates  of  C. 
gheosporioides.  These  results  suggested  that  a previously  described  subpopulalion  of  C 
gheosporioides  wqs  actually  C.  acuiauim  (Brown  ct  al,.  1996). 

Construclion  of  species-specific  primers,  eapectslly  from  within  the  rihosomal 
DNA  internal  transcribed  spacer  (ffS]  region,  has  been  proposed  as  the  most  efficient 
and  reliable  system  for  detection  and  differentiation  of  Cofferorr/c/runr  spp.  (Freeman  ct 
aU  2000;  Sreenivasaprasad  ct  al,,  1996b).  However,  sequence  data  docs  not  always 
reveal  significant  differences  between  species.  Sequences  of  a region  of  the  internal 
transcribed  spacer  (ITS)  1 region  of  the  rDNA  were  compared  between  isolates  of  C. 
gluffosporioides  and  C./ragariae  from  sirawbeiry  (Sreenivasaprasad  et  al..  1992).  The 
analyses  detected  loo  few  differences  to  provide  sumcicni  dau  to  separate  C. 
gloeosperioides  and  C.fragariae  isolates  based  on  sequence  similarity  (Sreenivasaprasad 
eial„  1996a).  However.  C.fragariae  has  been  distinguished  as  a separate  species  from 
C.  gtoeospohoides  and  has  been  recognized  as  a holomorphic  taxon  using  mitochondnal 
and  ribosomal  DNA  RFLPs,  or  isoenzymes  icehniques  (Bonde  ei  aL.  1995;  Buddie  eial., 
1999;  Freeman  ctaU  1993). 

Ciomerelh  viiiindaia:  the  Sesuai  Sisae 

With  few  exceptions,  the  production  of  the  sexual  stage  by  species  of 
ColleiDirichiim  is  rare  or  has  not  been  reported  (Sutton,  1992).  When  perithecium 
foimailon  has  been  described,  ascosporc  production  is  observed  usually  only  after  Ihe 
death  of  the  host  or  under  laboratory  conditions  (Alcxopoulos  el  al.,  1996;  Hawksworth 
cl  al..  1996;  Sutton.  1992).  Therefore,  most  speoics  described  in  the  genus  ClomereHa 
are  associated  with  diseases  in  which  a majority  of  the  infections  arc  usually  produced  by 


conidia  linked  lo  anamorphs.  most  of  which  arc  in  the  Cal/eiom'c/iuni  genus  (Sutton, 
1992). 

Chmerella  cingiilaia  ia  the  type  species  (Icelocype),  upon  which  the  genus 
Clomtrflla  is  based  (Sutton,  1992).  Clomerell'i  cing’>laro  produces  pcrithecia  described 
ns  globose  to  otpyriform,  dark  brown  to  block.  SS  to  300  pnt  in  diameter,  sclerotial  on 
outside,  with  the  ostiole  slightly  papillate  and  a canal  that  is  lined  tvith  periphyses. 
Someilmesn  poorly  developed  clypeus  can  be  present  In  the  perithecium  that  at  the  base 
show's  groups  ofporaphyses  mined  with  lutci.  The  unitunicatc  asci  usually  contain  eight 
unicellular  ascosporcs,  which  are  less  than  20  pm  long,  mostly  slightly  curved,  hyaline  or 
faintly  brown,  and  narrowly  oval  to  cylindrical  lo  fusiform  (Hanlin,  1990;Moiduc. 

1971).  Glomere/lo  cingiilaia,  like  other  species  in  the  genus,  differs  from  other 
Plyllechoralcs  by  the  absence  of  a siromn  (Alcxopoulos  cial.,  1996;  Sutton.  1992). 

in  apple,  Chmerella  cingiilaia  produces  bitter  rot  of  apple,  which  can  result  in 
severe  losses  when  nearly  mature  fruit  show  disease  symptoms  (Sutton  and  Shane.  I9S3). 
Symptoms  oftite  disease  include  formation  of  small,  dark  areas  that  enlarge  rapidly  and 
become  circular  and  sunken  in  the  center.  Lesions  can  eventually  produce  rings  lined 
with  masses  of  pink-colored  spores  until  the  host  tissue  collapse  and  tlie  lesion  becomes 
dark  brown  lo  black,  wrinkled,  and  sunken  (Agrios,  1997).  Apple  limbs  with  canker 
symptoms  have  been  found  to  produce  perilhecia  of  G.  cingiilaia  under  Held  conditions 
(Shane  and  Sutton,  19SI)  and  environmental  conditions  have  an  effect  on  spore  discharge 
(Shane  and  Sutton,  1981).  Hi^  airmoislurc,  rain,  and  wbd  can  help  lo  disperse 
ascospores  released  from  lesions  found  on  dead  wood  (Sutton  and  Shane,  I9S3).  In  such 
cases  the  ascosporcs  are  forcibly  discharged  during  and  aAer  rainfall,  and  are  a significant 


source  of  primary  inoculum  when  they  arc  rain  splashed  or  wind-blown  (Shane  and 
Sunon,  I9S1;  Sutton  and  Shane,  1983).  Ascosporc  discha^e  may  also  occur  without 
raintall  and  isolates  ofC.  cmgulaio  maintained  with  a 12  hour  light/dark  phoioperiod  at 
21  C and  90%  relative  humidity  can  preducc  regular  cycles  of  ascosporc  discharge  20 
minutes  after  the  stair  ofthe  dark  period  (Pady  and  Kramer.  1971.  cited  by  Bernstein. 
1995). 

The  ability  to  produce  mature  pcrithecia  under  natural  and  aitiricial  environments 
varies  greatly  among  and  within  species  ot CoHeiarrlduini  (Bryson  et  ai.,  1992;  Cannon 
ctak,  2000).  GlomemUu  cingiiloia  is  basically  homothallic  (scir-fenile)  but  in  culture  is 
also  capable  of  producing  cross-fertile  variants  (Alexopoutos  el  al..  1995;  Bryson  eial., 
1992).  Addilicnally,  there  arc  observations  in  which  homothallic  strains  of  (7.  cingiitutu 
have  converted  to  self-sterile  strains  during  mciosis(Grifnn.  1998).  The  biology  and 
molecular  basis  of  many  of  these  observations  is  not  completely  understood  but  it  is  clear 
that  environmental  conditions  can  affect  periihecia  formation  (Alexopoulos  elal..  1996). 
In  fact,  some  leleomcrplts  of  Colleiotnchum  species  have  been  reported  only  after 
adjustments  to  the  environment  were  made  (Alexopoulos  el  al..  1996;  Bryson  el  al..  1992; 
Sutton.  1992)  such  as  is  the  case  with  Ohinsreilagfaniinicola.  There  are  no  reports  of 
<7.  grafntnicola  causing  disease  in  maize  under  natural  conditions  (Bryson  el  al.,  1992; 
Sutton.  1992).  CtoiiereWagraiitinico/a  was  fiisl  reported  when  25-54  cm’ pieces  of 
detached  maize  leaves  were  inoculated  with  mycelium  derived  from  a single  parental 
isolate  or  from  pairing  of  individual  isolates  of  C.  graminicola  (Polilis,  1975).  Pemhccia 
were  observed  when  pieces  of  detached  maize  leaf  were  inoculated  with  parent  stmins 
and  ineubaied  in  the  same  piece  of  plant  tissue  under  high  moisture  and  continuous  light 


for  18-25  days  01 18-20  C (Villoncoun  and  Hanou,  1991).  Successful  induction  ofscxiul 
stages  of  diflcrcnc  Colleioiriclium  species  has  also  been  observed  using  semi-synlheiic 
and  synllieiic  media  (Bryson  et  ah,  1992).  To  test  for  pcriihcciol  production  of 
Colleiainciwm  spp,  it  has  been  sitggcssed  that  large  miinbcrsof  isolates  should  be 
evaluated  singly  and  in  combination  under  different  environmental  conditions  (Biyson  ci 
nl..  1992;  Sutton,  1992). 

In  general  terms,  funpl  cells  need  to  rccogniac  that  they  arc  genetically  different 
in  order  to  mate  according  to  genetically  determinate  mechanisms  described  as  self-fertile 
(hcmotballie)  or  self-sterile  (heterothallic)  (Alexopoulos  et  ah,  1996).  In  the  case  of 
ClomereUa  spp.  the  sexual  mating  system  docs  not  fit  into  either  of  these  broad 
categories  of  homothalic  and  heterothallic  species.  Early  a ork  summarized  by  Bryson  et 
al.  (Bryson  et  ah.  1992),  suggested  a heterothallc  system  controlled  by  rivo  genes  linked 
to  formation  and  distribution  of  fruiting  structures  in  C.  cingidma.  One  of  the  genes 
named  A.  with  alleles  /)'  and  a',  determines  producUon  of  perithecia  (A~)  or  uonidia  (.4'). 
A so-called  B gene  regulated  the  distribution  in  artificial  medium  of  these  structures  in 
clumped  (B')  or  scattered  patterns  (B')  (with  alleles  B~  and  B'y  In  addition  to  the  affect 
on  the  fomuition  and  distribution  of  fruiting  structures,  these  genes  were  also  found  to 
alTeci  mating  of  cultured  strains  of  G,  cingulaiu  suggesting  their  role  as  mating  type 
genes  of  heierolhalic  fimgi.  However,  homothallism  was  also  probed  when  cro&scs 
between  isolates  with  genotypes  d’fl’  and/f’fl^  as  well  as  isolates  with  genotypes  d'B' 
were  crossed  with  isolates /f'B~  or  ,4^8^  and  fertile  ascoscarps  were  produced  with  each 
combination  of  genotypes.  Since  diploid  cells  homozygous  at  either  the  ,4  or  B Ixus,  or 
at  both  loci  can  produce  fertile  ascoscarps  under  characteristics  rascmbling  homoihallic 


and  helerolhalUc  systems,  the  genes  A and  B cannot  be  considered  part  of  mating  type 
loci  (Bryson  etal.,  1992). 

These  results  suggested  tlial  G.  cingulaia  is  a homothallic  species  with  the  ability 
to  behave  as  a heterothallic  species  depending  on  mulations  affecting  morphogenetic 
pathways  necessary  for  seif-fenility  (Vaitlancourt  et  al,,  20CK)).  This  system  fits  the 
description  of  some  strains  of  CoUeiotfichuin  spp.  in  which  otherwise  heterothallic 
isolates,  with  mutations  at  different  loci,  can  complement  each  another  restoring  fertility 
and  producing  self-crosses  in  excess  of  50%  (Hawksworth  et  al„  1995;  Markert,  1949 
cited  by  Bryson  et  al..  1992;  Villancourt  etal.,  2000).  This  typo  of  mating  system,  named 
relative  heterothallism  or  unbalanced  hctcrothallisra.  was  first  described  with  ^spe/giVliu 
nidutans  and  has  been  associated,  at  least  on  one  occasion,  with  the  release  of  unknown 
diffusible  products  in  the  environment  (Bryson etal,.  1992;  Villancourt  et  ai,  2000). 

Considerations  on  the  reproductive  biology  Ctomerelta  spp.  may  be  important 
in  predicting  whether  particular  genotypes  may  arise,  or  whether  sexual  or  asexual 
sources  of  inoculum  arc  important  cpidemiologically  (Milgroom,  1990).  However,  it  is 
noteworthy  to  mention  that  genotypic  variation  in  Colleiorrichum  populations  con  be 
generated  by  processes  other  than  sexual  recombination  (Kisilcrand  Miao,  1992).  High 
levels  of  variation  among  C glo?osporioides  isolates  from  strawberry  and  other  hosts 
have  been  reported  in  several  studies  (Buddie  el  al.,  1999;  Chakraborty  cl  al.,  1997; 
Freeman  ci  al , 1996;  Hodson  et  al.,  1992).  Considerable  diversity  among  isolates  ofC 
gheosporioides  in  restriction  banding  pallcms  in  rDNA  and  miONA  has  been  described 
for  isolates  infecting  avocado,  mongo,  and  other  hosts  (Hodson  etal..  1993).  Isolates  of 
C gloeosporioides  pathogenic  on  Stylosanrhes  spp.  have  highly  variable  RA?D  banding 
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pauums  (Chakrahony  et  aU  1 997),  Molecular  analysis  using  RFLP,  RAPD,  and 
kaxyolype  polymotphism  of  chromosomes  dcmonstraled  ihal  occasional  transfer  of 
specific  chromosomes  may  occur  between  apparently  genetically  distinct,  isolated  clonal 
lines  of  biotypes  of  C.  gfrtMspcrioidcs  producing  different  anthracnosc  diseases  on  the 
legumes  o( Si)'losanibes  spp.  (Mascl  et  al.,  1996).  In  addition  to  sc.sual  recombination, 
diversity  in  lungul  populations  can  also  arise  from  transposable  elements  and  mitotic 
reciprocal  tntnslocalions  events  (Kistlerand  Miao,  1992).  Molecular  diversity  can  result 
from  accumulation  of  mutations,  and  catremcly  long  periods  of  independent  evolution 
from  a single  strain  that  gained  the  ability  to  infect  a particular  host,  or  by  assuming  that 
pathogenicity  on  a certain  host  may  have  been  acquired  by  a large  number  of  genetically 
distinct  strains  (Chakrabortyetal.,  1997;  Hodsonctal.,  1992).  Although  these 
mutational  processes  can  produce  variation  within  a species  or  population,  asexual 
reproduction  through  conidia  results  in  clonal  population  structures  that  Itave  distinctive 
features,  such  as  widespread  occurrence  of  identical  genotypes  and  correlations  betw'een 
independent  scis  of  genetic  markers  (Milgroom,  1996).  In  many  instances  constmims  on 
genetic  recombinalicn  such  as  mycelial  or  vegetative  incompatibility  exists  in  asexuaj 
pathogen  populations  producing  clonal  population  structures  (Musd  ci  aL,  1996). 

Colleiorricimm  son,  on  Sirawbenv:  the  Paihosvsiem 
Two  important  diseases  of  slrjwbcrry  caused  by  Colleioirivhum  spp.  are 
anthracnose  fruit  rot  and  Colleroirichiim  crown  rot.  Colleioiridnim  species  can  also 
cause  disease  on  toots,  petioles,  stolons,  flowers  (flower  blight),  meristems  (bud  rot),  and 
leaves  (black  leaf  spot  and  irregular  leaf  spot)  (Denoyes  and  Baudry,  1995;  Freeman  and 
Katon,  1997;  Howard  el  al.,  1992;  Maas,  1998).  In  some  locations,  up  to  80%  of 
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iransplams  have  been  infected  with  Colleloiricliiim  ipp.  prior  to  planting  (Bosshnid, 

1997:  Brooks.  1932:  Howard  eial.,  1992).  In  the  US.  yield  lossea  greater  than  30%  have 
been  recorded  when  warm  and  humid  conditions  occur  and  serious  outbreaks  of  fruit  or 
crown  rot  developed  (Howard  ct  aJ..  1992:  Wilson  ct  ah,  1992).  Occasionally,  up  to 
of  the  plants  within  a field  have  been  affected  (Brooks,  1932;  Ihoward  ei  ah,  1992). 
Symptoms  ofanihracnose  fruit  rot  include  the  formation  of  typical  anthracnose 
symptoms  such  as  sunken  necrotic  lesions  with  conidia  produced  in  abundance  in  the 
acervuii  (Brooks.  1932).  In  the  1980's.  Smith  (Smith.  1 9S6)  proposed  the  name 
anthracnose  crown  tot  to  distinguish  the  symptoms  produced  by  C.frasariae  in 
strawberry  crowns  from  those  appearing  in  fruit  The  name  became  widely  accepted  and 
was  applied  to  all  diseases  caused  by  CoUeiotrichiim  spp.  that  attacked  the  crown. 
However,  in  many  instances  the  symptoms  arc  not  produced  by  the  originally  described 
pathogen  [C.fngariae)  and  these  symptoms  are  not  typical  of  anthracnose  diseases, 
instead  the  Cclleiafricbiim  crown  rot  affects  the  plant  by  producing  sudden  will  and  plant 
death  (Horn  and  Carver.  1962;  Horn  and  Carver,  1963).  A reddish-brown  necrotic  streak 
in  die  vascular  tissue  develops  in  the  early  si  ages  of  the  disease  and  evenruelly  the  entire 
crown  becomes  discolored  and  the  plant  dies  without  the  development  ofhypoptasia 
(Horn  and  Carver,  1963;  Howard  ct  ah.  1 992;  Smith,  1998).  Recently,  crown  rot 
epidemics  were  also  associated  with  symploms  of  stunting,  chlorosis,  and  root  rot  in 
strawbciry  plants  infected  with  C.  aairalum  (Freeman  and  Katan.  1997),  ColUtoirichuni 
crown  tot  has  been  proposed  (Legatd,  2000)  as  a more  apptopriaic  name  for  the  crown 
rot  diseases  caused  by  Colteioirichum  species. 


Colleroirichum  acuiauim,  C.  /roguriue.  and  C gloeospcrioides  (leleomorph 
ClomertfUa  cingu/aia)  arc  the  three  major  species  causing  disease  on  strawberry 
(Bosshard,  1997;  Brooks,  1932;  Denoyes  and  Baudry,  1995;  Freeman  and  Kaian.  1997; 
Howard  et  ah.  1992).  Occasionally.  C.  dvmoriuni  has  also  been  reported  as  a weak 
pathogen  of  strawberry  fruit  (Berahaand  Wright.  1973).  Originally,  only  C.fragariae 
was  rcportednnccting  strawberry  runners  ond  crowns  in  the  United  States  (Brooks,  1932) 
but  in  1957  symptoms  of  amhracnose  in  strawberry  fruit  produced  by  C/oeospo/TOm  spp. 
(later  reclassified  as  C aciuaium  by  Simmonds  (Siramonds,  1965))  were  reported  in 
Ausualia  (Sturgess.  1954, 1957).  It  is  likely  that  C.  aaiiaium  had  been  in  the  United 
States  before  I9S3  (Legard.  2000)  w'hcn  a crown  rot  producing  wilting  of  plants  and  a 
fruit  rot  caused  by  C,  aciaauim  oceuned  in  the  southeastern  United  States  (Smith,  1986), 
In  the  late  I950's  a disease  found  in  a shipment  of  strawberry  fruit  from  Louisiana  to 
New  York  was  associated  with  the  presence  of  Cloeosponiim  sp.  (Wright  ct  ai.,  1960). 

As  stated  earlier,  von  Art  (von  Arx,  1957;  cited  by  Sutton,  1992)  changed  the  name  of 
Cioeospomtm  to  CoUeioiricIntin  opening  the  possibility  that  the  onanism  affecting  fruits 
in  the  late  1950s  was  in  fact  C.aeuraiiri>i. 

During  the  last  1 0 to  20  years,  knowledge  on  the  epidemiology  of  Collewiclium 
diseases  on  strawberry  has  improved  considerably.  However,  several  aspects  of  the 
biologyofthcpalhogcnshasnot  been  extensively  studied  (Howard  etaU  1992;  Legard, 

26Q0).  It  is  known  that  conidia  produced  in  mucilaginous  masses  in  acervuli  and 
dispersed  by  water  play  an  important  role  in  epidemics  ofanthracnose  fruit  rot  and 
apparently  in  crown  rot  epidemics  (Maas,  1998).  Conidia  ofC,  acuiatum  can  be  splash 
dispersed  up  to  30  cm  from  an  inoculum  source  (Yong  et  al..  1990).  Intermediate  and 
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[ong  distance  dispersal  ofccnidia  seems  to  be  a conscqueitce  of  inoculum  being 
transported  by  transplants,  field  workers,  farm  equipment,  and  insects  (Maas,  199S; 
Legard,  2000).  In  regions  with  lower  temperatures  during  the  winter,  conidia  produced 
from  plant  debris  present  in  the  soil  may  initiate  epidemics  each  spring  (Eaa'bum  and 
Gubler,  1990;  Wilson  et  al.,  1992).  In  California,  C.  acuiawm  overwintered  in 
strawberry  plant  debris  for  up  to  9 months  in  Helds  tliat  were  not  fumigated  with  methyl 
bromide  (Eastbum  and  Gubler,  1990).  and  C.  acuiatiim  overwintered  in  mummified  fruit 
buried  in  soil  belween  seasons  in  Ohio  (Wilson  et  al..  1992). 

ColleiotnchuiH  does  not  survive  between  strawberry  seasorts  in  soil  (Horn  and 
Carver,  196S).  and  it  bas  been  suggested  that  Colteioirtchm  spp.  associated  with 
strawberry  do  not  survive  between  seasons  in  soil  or  buried  plant  debris  in  Florida  due  lo 
hot  and  wet  summer  conditions  (Howard  ci  al..  1992).  However,  this  hypothesis  has  not 
been  experlmcnlally  tested.  Alternative  hosts  are  a potential  source  of  primary  inoculum 
fur  Cull^rairichuni  diseases.  Symptoms  found  on  almond,  apple,  peach,  and  pecan  have 
been  linked  lo  cross-infection  ofanihracnosc  produced  by  strains  of  C gloeosporioides 
and  C.  aiiiionini  (Adeskaveg  and  Hartin,  1997;  Bernstein  et  ah,  I99S).  Both  species  are 
known  lo  have  esticnsive  host  ranges  (Dyko  and  Mordue,  1979;  Mordue,  1971). 
Transplants  are  the  most  likely  source  of  primary  inooutum  (Freeman  and  Katan,  1997; 
Howard  ol  □!.,  1992).  and  ininsplanis  infocicd  or  infested  with  ColUloiricIwni  spp.  have 
been  found  in  Louisiana  (Mcltmcs  cc  al.,  1992).  Californio  (Easibum  and  Gubler,  1990), 
and  Israel  (Freeman  and  Katan,  1997;  Freeman  et  ah,  1997).  Epidemics  hove  also 
originated  Horn  other  sources  of  inoculum  (Eastbum  and  Gubler.  1990;  Horn  and  Carver, 
1968;  Wilson  etal.,  1992).  Horn  and  Carver  (Horn  and  Carver,  1968)  suggested  that 


inoculum  mighi  survive  in  crown  tissue  at^er  C./ragariae  was  isolated  from  crowns 
stored  at  C over  a 30-week  period  in  Louisiana.  Nevertheless,  the  source  of  primary 
inoculum  for  CoUeiotridnim  epidemics  in  Florida  is  still  unclear  (Howard  et  al..  1992; 
LegarJ.  2000).  The  role  of  the  leleomorph  of  Colleioiric/nim  spp.  in  strawberry  is 
believed  to  be  irrelevant  and  its  role  in  the  disease  cycle  has  been  disregarded  {Howard  ct 
al..  1992;  Mass.  1998). 

Movement  and  dispersal  of  important  fungal  pathogens  or  pesticide  resistant 
strains  can  be  estimated  using  information  from  nucleic  acid  and  protein  sequences, 
mutation  and  drift  rates,  and  genotype  and  allele  frequencies  and  ether  population 
parameters  (Avise.  1994;  Gillespie.  1993;  Mackenzie  et  al..  1984).  Even,  in  the  case  of 
species  lacking  known  sexual  stages,  estimation  on  the  likelihood  of  recombination  con 
be  assessed  from  studies  of  multilocus  population  structure  (Milgroom.  1996). 

Evaluation  of  the  genetic  structure  of  populations  of  Colleiotrichum  mfccting  strawberry 
should  provide  important  insights  into  the  cause  of  Co/leiQirichwn  diseases,  and  improve 
knowledge  about  the  biology  of  these  pathogens  and  their  related  epidemics.  For 
asexually  reproducing  fiingi  such  as  C.  octilaninr  and  C gforo.rporrorrfex.  detection  of 
subdivision  among  populations  within  a particular  area  may  provide  insights  on  the 
sources  of  the  initial  inoculum  or  be  an  indication  of  host  specificity  (Pceveret  al.,  1999; 
Sreenivasaprosad.  1996a).  PCR-bascd  techniques  have  been  used  to  assess  DNA 
polymorphisms  in  a wide  variety  of  fungi.  Random  ampliftcntion  of  polymorphic  DNA 
(RAPD)  was  used  to  study  population  genetic  structure  and  host  specificity  of  Ftisarium 
o.rvspon/m  (Crowhurst  et  al.,  1995)  andXfre/mrrhr  spp.  (Peever  etaU  1999). 
Diffcrenliation  between  isolates  of  C.  gloeosporioidcs  from  US  and  Israel  almond 


populauons  was  reached  using  arbitrarily  primed  PCR(ap*PCR)  analysis  (Freeman  cial, 
1996).  These  techniques  (ap-PCR  and  RAPD)  require  small  (ng)  quantities  oFONA,  are 
fast,  applicable  to  many  isolates,  do  not  involve  mdioactivc  isotopes,  most  of  the 
analyzed  loci  ore  randomly  associated,  and  come  from  multiple  neutral  regions  of  the 
genome  (Hadidi  ct  ah,  1995;  Peeverand  Milgroom,  1995). 

Contiol  of  Colleloirichum  diseases  begins  in  the  nursery  and  continues  in  fruit 
production  fields  (Freeman  ctah.  1997;  Hancock,  1999).  In  fruiting  fields,  cultural 
management  such  as  the  use  of  drip  irrigation,  raised  bed  plasticulturc.  use  of  resistant 
cultivats,  and  clean  planting  stock,  are  imponont  methods  for  controlling  Colleiairiciwm 
diseases  (Lcgard.  2000;  Maos.  1998).  Because  these  diseases  arc  more  severe  during 
periods  of  warm  temperature  and  high  rainfall  (spores  arc  splash  dispersed)  spread  of 
conidia  can  he  reduced  by  avoiding  eacessive  use  of  ovethcad  irrigation  during  plant 
establishment  and  freeze  protection  (Legard.  2000;  Vang  ei  ah.  1990).  Producing 
tmnsplams  in  tunnels  miglit  be  an  allemalivc  for  comroiling  Colletotrichwii  diseases. 

The  advantage  of  growing  in  tunnels  is  heller  control  of  environmental  conditions,  which 
helps  10  increase  the  efficacy  of  fungicides  and  prevent  the  devclopmctii  of 
environmental  conditions  favorable  for  disease  (Legard.  2000). 

Resistant  cuhtvars  are  an  excellent  means  for  comroiling  diseases  (Agrios.  1997; 
Daubeny,  1990;  Maloy,  1992).  However,  commercial  strawberry  cultivats  vaiy  to  their 
suseeplibility  to  Colletoirlchiim  diseases  (Dcnoycs.Rothan,  1997;  Gupion  and  Smitb, 
1991;  Smith  and  Black.  1990).  Resistance  to  unthnienosc  fruit  rot  and  CoUeioiricbiiiii 
crown  rot  cun  be  influenced  by  environmental  conditions  (DcnoyeS'Roihan  cl  ah,  1999; 
Smith  and  Black.  1937)  and  the  susceptibility  of  cultivars  is  also  likely  to  vary  depending 


on  ihe  dinerenl  pathogens  they  are  exposed  to  in  the  field  (Agrios,  1997;  Denoyes* 
Rothan,  1997;  Gupton  and  Smith,  1991). 

The  best  way  to  manage  diseases  is  to  prevent  Ihe  imrodijction  of  the  pathogen  to 
the  crop  (Agrios.  1997;  Maloy,  1993),  and  the  use  orpthogen-free  planting  material 
must  be  a priorily  to  avoid  sources  of  primary  inoculum  for  disease  epidemics  (Howard  ci 
ah,  1992,  Maloy,  1992).  However,  there  are  no  reliable  methods  for  detecting  transplants 
free  of  C acuiatnin  and  C g/oeosporioidcs  (Legard,  2000).  Strawberry  plant  tissue 
treated  with  paraquat  (O.O3‘0J2  active  ingredient)  or  exposed  to  freezing  temperatures  (- 
li  C)  has  shown  potential  for  the  detection  of  latent  infection  of  Colleioirlcliiini  spp,. 
thus  aliowing  new'  alternatives  for  future  certification  programs  (Gindral  and  Pezet,  1994; 
Mertely  and  Legard,  20CQ).  Until  then,  special  core  must  be  taken  to  prevent  the 
occurrence  of  diseases  in  nurseries  or  to  use  material  from  nurseries  with  good 
management  of  diseases  (Caflcta  and  Bringhursu  1990;  Freeman  etoJ.,  1997;  Maloy, 
1992). 

Soil  fumigation  with  methyl  bromide  and  chloropicrin  (98;2  at  350  kg/ha)  prior  to 
planting  (14  days  or  more  before  crop  planting)  is  a successful  method  for  managing 
many  diseases  of  straw  berry  (Maas,  1998;  Noling.2000).  Soil  fumigation  helps  to 
destroy  potential  inoculum  in  soil  or  plum  debris  (Muas,  1998).  However,  Ihe  use  of 
methyl  bromide  is  being  eliminated  due  to  environmental  concerns  (Noling.  2000). 
Alternatives  to  methyl  brumide  such  as  vapam,  basamid,  and  chloropicrin  have  yielded 
promising  rcsulls  (Freeman,  ei  al..  1997;  Hinton,  1998;  Noling,  2000).  However,  some 
researchers  and  growers  arc  not  confident  about  the  octual  allcmaiivcs  to  methyl  bromide 
(Hinton,  1998). 
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Protective  fungicides  applied  from  flower  bud  emergence  through  harvest  are 
widely  used  in  strawberry  production  (Maas,  1998).  However,  currently  labeled 
fungicides  have  only  limited  elflcacy  managing  Colletotrtcbum  diseases  in  strawberry 
(Legard,  2000;  Maas,  1998).  Benomyl  and  captan  are  frequently  applied  in  strawberry 
Helds  (Legard.  2000)  to  protect  the  new  tissue  agaiitst  many  diseases,  pariicubrly  when 
rain  is  predicted  and  the  potential  increases  for  sporulation  and  dissemination  of  spores  in 
the  field  (Maynard  ctal.,  2000).  However,  resistance  to  benomyl  in  Calleroirfdum  spp. 
has  been  well  documented  (LaMondia.  1995;  Smith  and  Black.  1990).  Captan  also  fails 
to  provide  complete  control  of  Colleiotrichunt  diseases  (Freeman  el  al..  1 997;  Howard  cl 
al..  1992;  Legard,  2000).  However,  recent  reports  indicate  that  captan  used  in  a 7 days 
spray  schedule  can  result  in  signidcant  control  of  anthracnosc  fruii  rot  produced  by  C. 
iicurauim  tn  comparison  with  an  unaprayed  control  (Legard  et  al..  2000).  Azoxystrobin 
(Quadris)  is  another  fungicide  that  controls  anthracnosc  fruit  rot  caused  by  C.  ucuianim 
(Legard  and  Chandler.  2000)  and  with  prochloraZ'Mn  or  prochloraz-Zn  may  provide 
alternatives  to  control  Collerolrichiin  diseases  m the  near  future  (Freeman,  et  al.. 
1997).  However,  when  conditions  arc  favorable  for  disease  development;  the  use  of 
chemicals  may  be  of  limited  help  for  management  of  Colletoiricbum  diseases  (Freeman 
ctal.,  1997;  Howard  etal.,  1992;  Legard.  2000). 

Anthracnosc  fruit  rot  and  Co//e/orWefmat  crown  rot  cause  .serious  reduction  in 
marketable  yield  and  present  significant  challenges  for  plant  certification  programs  and 
movement  of  strawberry  material  worldwide  (Bosshord,  1997),  The  pathogens 
responsible  for  these  diseases  can  also  occur  on  all  parts  of  the  plant,  including  flowers, 
buds,  leaves,  and  roots  (Freeman  and  Katan,  1997).  However,  it  is  cleat  that  many 
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significQnl  etiological  and  epidemiological  questions  need  to  be  resolved  about  these 
diseases  before  a more  elTcctive  management  of  Colleiocnclium  diseases  in  strawberry 
can  be  implemented.  Considerations  on  the  biology  of  Colleiotrichuni  spp,  will  be 
important  in  predicting  the  source  of  primary  inoculum  for  Colhmirichmi  epidemics  in 
Florida,  and  molecular  approaches  can  be  used  to  resolve  issues  involving  the  uncertainty 
in  taxonomy  of  Colletocrlchum  species  or  in  assessing  the  likelihood  of  recombination  by 
evaluating  the  genetic  struciurc  of  populations  of  CoUaarricbiim  species  infcctihg 
strawbeny. 


CHAPTER  3 

OVERSUMMER  SURVIVAL  FOR  POTENTIAL  [NOCULA  OF  COLLETOTRJCHUM 
CROWN  ROT  IN  BURIED  STRAWBERRY  CROWNS. 

Inlroduclion 

Sirawbciries  arc  grown  as  an  annual  winlcr  crop  in  « esl-cenlral  Florida.  Grccn- 
lop  iransplams,  from  nurseries  in  the  nonJieasictn  US  orsouthcaslem  Canada,  arc  scl 
from  laic  Scpicmbec  ihrougb  cariy  November  on  melhyl  bromidc-ftmiigaicd,  pinaic- 
muiched  beds.  Fruii  are  harvested  from  laic  November  ihrough  early  April  (Aens  and 
Nesheim,  1997).  Ai  Ihc  end  of  the  season,  growers  desiroy  ihc  plams  by  applying 
paraquat  or  mowing  the  tops  off  the  plants.  Some  growers  will  plant  spring  r egctabic 
crops  into  the  csisiing  beds  aOer  killing  die  strawberry  plants.  From  April  to  late  May,  a 
grain  or  icfume  cover  crop  is  typically  planted.  During  August  or  early  September,  the 
cover  crop  is  incorporated  and  raised  beds  arc  formed  and  fumigated  with  a mature  of 
methyj  bromide  and  chloropicrin.  In  Florida,  only  the  beds  arc  fumigated  and 
strawberries  arc  grown  in  the  same  location  every  season  without  crop  rotation. 

Colliiooichum  spp.  cause  a wide  range  of  diseases  of  strawberry,  and  diseases  of 
fruit,  crown,  and  root  can  result  in  serious  yield  losses  (Denoyes  and  Baudry,  199S; 
Freeman  and  Kaian,  1997;  Henz  etal.,  1992;  Horn  and  Carver,  1963),  Many  of  these 
diseases  have  been  called  anthracnose  because  of  the  production  of  typical  symptoms, 
which  include  limited  necrotic  lesions  and  hypoplasia  (Howard  and  Albregis,  1984, 

Smith,  1986).  Plants  with  symptoms  of  Colleroliichtm  crown  rot  exhibit  a sudden  wilt  of 
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the  ciuItc  planU  Within  the  crown,  reddish*brown  necrotic  streaks  develop  in  the 
vascular  tissue  (Smith,  1998),  and  eventually  the  entire  crown  Isceomes  discolored  and 
the  plant  dies  (Horn  and  Carver,  1963).  In  Florida,  crown  tot  typically  kills  2 to  4%  of 
plants  each  season  (Legard,  unpublished  data),  but  losses  of  up  to  80%  within  individual 
fields  have  occured  when  conditions  arc  conducive  for  serious  outbreaks  (Howard  ei  ah. 
1992).  Co/leioirichtinr  aaiiarum,  C fragariae,  and  C gloeosporioides  (teleomurph 
Clomertlh  cwgulara)  are  the  three  major  Coltiflotnchupi  species  that  have  been  reported 
to  cause  crown  rot  in  strawberry  (Bosshard,  1997;  Brooks,  1932;  Freeman  ei  ah.  1997; 
Horn  and  Carver,  1963;  Howard  cl  ah,  1992;  Smith,  1986).  Recent  CalJao/r/c/mm  crown 
rot  epidemics  in  Florida  have  been  predominantly  caused  by  C.  g/aeospariaides  (Legard 
ct  ol„l993). 

The  source  of  primary  inoculum  for  epidemics  of  Cof/crorncAum  crown  rot  of 
strawberry  in  Florida  is  unclear.  Transplants  arc  Ihe  most  likely  source  of  primary 
inoculum  (Freeman  and  Katan.  1997;  Howard  et  ah,  1992),  and  transplants  infected  or 
infested  with  Colleioirichum  spp,  hove  been  found  in  Louisiana  (Meinnes  etal.,  1992), 
California  (Eastbura  and  Butler,  1991),  and  Israel  (Freeman  and  Katan.  1997). 

Epidemics  have  also  originated  from  other  sources  of  inoculum  (Easlbum  and  Cubier, 
1990;  Horn  and  Carver.  1968;  Wilson  etal.,  1992).  in  California,  C.  acuiaium 
overwintered  in  strawberry  plant  debris  for  up  to  9 months  in  Helds  that  were  not 
fumigated  with  methyl  bnamide  (Eastbum  and  Cubier,  1990),  and  C.  acuioium 
overwintered  in  mummified  fruit  buried  in  soil  between  seusons  in  Ohio  (Wilson  etal,, 
1992).  Horn  and  Carver  (Horn  and  Carver,  1968)  suggested  that  inoculum  might  survive 
in  crown  tissue  after  Cyragariat;  was  isolated  from  crowns  stored  at  5”  C over  a 30-week 
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period  in  Louisiena.  Il  has  been  suggcslcd  ihai  CoUetotrichum  spp,  nssoeieicd  with 
strawberry  ore  not  likely  to  sur^'ivc  between  seasons  in  soil  or  buried  plont  debris  in 
Florida  due  to  hot  and  wet  summer  conditions  (Howard  ei  al.,  1992).  However,  this 
hypothesis  has  not  been  experimentally  tested.  The  purpose  of  this  study  was  to  evaluate 
the  ability  of  C s^oeosporioidsi  to  oversummer  in  crown  tissue  under  Field  conditious  in 
Florida. 

Maleriais  and  Methods 

The  oversummer  survival  ofC.  glodasporioidcs  was  evaluated  under  field 
conditions  during  1998  and  1999  al  the  University  of  Florida  Gulf  Coast  Research  and 
Education  Center  (GCREC)  • Dover.  Canadian  grown  grccn-iop  transplants  of 
'Camarosa'  were  used  both  years.  Plants  were  set  into  raised  plastic-mulched  beds  ia 
Octobereach  year  and  grown  and  harvested  through  April.  Plants  used  in  1998  were 
planted  in  nun-fumigated  soil.  For  the  1999  experimem.  plants  were  set  in  a field  that 
had  been  treated  with  methyl  bromide  and  chloropierin  (98:2  at  330  kgfiia)  prior  to 
planting.  No  foliar  fungicides  were  applied  either  season.  Other  pesticides  were  applied 
as  needed  to  control  arthropod  pests.  Severe  Colleiotrichuni  crown  rut  epidemics 
developed  in  the  plots  al  the  end  of  each  fruiting  season.  In  June  of  bothycors,  8 months 
atler  planting  the  field,  plants  without  visible  symptoms  of  Colleroirichum  crown  rot 
w ere  selected  from  an  area  with  severe  crown  rot  (20  to  35%  of  plants  with  crown  rot 
symptoms).  One  or  two  weeks  before  collecting  plants  for  the  burial  studies,  10  to  20 
asymptomatic  plants  were  assayed  by  plating  dissected  crown  tissue  onto  a 
Colleroirtchum  isolation  medium  (CIM)  modified  from  Steiner  and  Watson  (Steiner  and 
Watson,  1965).  The  medium  contained  16  g of  Difeo  potato  dextrose  broth.  l4gof 
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Difcoagar,  230  mg  ofampicillin.  130  mg  of  streptomycin  sulfaic,  5 mgof  iprodione 
(Freeman  and  Katan.  1997),  100  pi  ofTcrgitol,  and  de-ionizeil  water  to  I liter. 
Colleroificlium  spp.  were  detected  in  most  of  the  sampled  crowrts. 

The  plot  used  for  Ihe  1998  burial  study  had  been  cropped  with  bluebeirv  during 
the  previous  4 years,  but  the  stand  had  been  removed  and  the  arra  converted  to  fallow  12 
months  prior  lo  this  study.  The  area  was  roiovalcd  24  hr  prior  to  burial  of  the  crowns. 

On  June  4. 80  plants  were  dug  from  two  adjacent  beds  (harvest  field),  and  trimmed  to 
eleantheprimaty  crown  of  leaves,  roots,  and  secondary  crowns.  Two  primary  crowns 
were  placed  inside  a porous  cloth  (Mira  cloth.  Calbiochem,  Co.,  La  Jolla,  CA)  bag  with 
SO  cc  of  aon-fumigatedsoiland  buried  at  a depth  of  13  cm  in  a different  location  (burial 
ndd).  Burial  locations  for  the  bags  were  organized  in  a randomized  complete  bloclc 
design  with  fourreplicaies  and  sampling  time  as  Ihc  ircatmcnt.  At  each  sampling  iime(0. 
7.  14, 21, 42, 56. 70.  98.  1 19,  and  147  days  after  burial)  one  bag  was  recovered  front  each 
of  the  four  replicated  plots  (eight  crowns  total).  To  assess  the  ability  ofC. 
glaeosporioides  to  sutv'ive  in  the  buried  crowns,  crown  tissue  was  plotcd  onto  CIM. 
Transverse  segments  approximately  1 mm  thick  were  cut  from  the  upper  and  lower 
portion  of  the  crown  and  from  two  segments  within  Ihc  tniddle  portion  using  a surface 
slerilized  scalpel.  The  segments  were  surface  disinfected  fot  three  minutes  in  a solution 
or0.2“,i  sodium  hypochlorite,  then  rinsed  fot  3 minutes  in  sterile  dc-ionized  water  The 
segments  w'cre  air  dried  on  sterile  paper  towels,  cut  in  half  and  placed  on  CIM  medium. 
All  cultures  were  incubated  for  3 to  3 days  at  24*  C with  continuous  (luoreseenl  light 
(Philips  Universal.  730  lumens.  4100  K). 


For  ihc  1 study,  the  burial  field  had  been  cropped  in  slrawbeny  the  previous 
season  using  conventional  practices,  including  fiimigolion  with  mclhyl  bromide.  The 
area  was  rolovated  24  hr  prior  to  burial  of  the  crowns.  On  II  July,  260  strawberry  plants 
« ere  collected  from  a field  that  had  been  treated  with  mclhyl  bromide  and  chloropicrin 
(98:2  at  350  kg/ha)  prior  to  planting  (harvest  field)  and  trimmed  as  described  for  ilte  1998 
esperiment.  Individual  crowns  were  placed  inside  Mira  cloth  bags  with  SO  cc  of  soil 
from  the  burial  site.  One  bag  was  buried  at  each  of  two  depths.  S cm  and  13  cm  in  the 
same  location,  comprising  a single  sample  pair  for  each  time  period.  Treatments  were 
replicated  10  times  and  arranged  in  a complete  block  design.  Pairs  of  crowns  were 
recovered  from  10  burial  locations  at  each  sampling  time  (0,  7, 14, 21, 28,  35. 42, 49,  56, 
70,98.  119,  and  140  days  after  burial).  After  recovery,  crowns  were  processed  as  in  the 
1998  study.  In  addition,  crown  tissue  remaining  after  plating  sections  onCIM  medium, 
was  asepiically  cut  into  3 to  6 mm  pieces  and  finely  ground  with  an  electric  cofiec 
grinder  (Braun  Inc,  Wobum,  MA)  for  10  seconds.  The  insuumenis  were  surface 
sterilized  with  95%  ethanol  and  air  dried  between  samples.  The  ground  tissue  was  mixed 
wiihSOmlofsieriledeionizcd  water  and  diluted  10  fold  during  the  first  six  weeks  of  the 
experiment  and  5 fold  after  that;  then  lOOpL  of  the  suspension  was  plated  onto  CIM 
medium.  Isolation  plates  were  incubaled  at  24^C  for  3 to  5 days  under  continuous 
fluorescent  light  (Philips  Universal.  750  lumens,  4100  fC). 

Isolation  cultures  were  evaluated  for  the  presence  of  Cojlelptrichum  spp.  using  a 
dissecling  microscope  and  Identified  based  on  colony  growth  rate,  coloration,  and  shape. 
After  3 to  5 days  of  incubation,  colonies  ot CoUetoiridtum  spp.  were  fast  growing,  white 
oroiange.  with  or  without  dark  centers  and  smooth  borders  at  the  edge  of  the  colonics. 
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Cleon  euhuics  were  grown  on  poiato  dextrose  agar  (PDA)  and  then  specieled 
microscopically  based  on  spore  morphology.  Colleioiiichum  glomsporioides  isolsles 
had  cylindrical  shaped  spores  and  C.  acirroruniisolales  had  fuslfoim  shaped  spores 
(Smith  and  Black,  1990).  Monoconidial  cultures  of  representative  isolates  were  further 
characterized  by  polymerase  chain  reaction  (PCR)  amplirication  of  the  ribosomal  DNA 
imemai  transcribed  spacer  (ITS)  region  (Sreenivasaprasad  ei  al..  I996at  1996b).  Conidial 
suspensions  produced  from  cultures  grown  on  PDA  were  used  to  inoculate  250  ml  flasks 
containing  100  ml  of  sterile  Emerson  medium  (4  g of  Bacto  yeast  extract,  15  g Bacto 
soluble  starch,  1 g of  dibasic  potassium  phosphate.  0.5  g of  magnesium  sulfate,  and  1 liter 
of  distilled  water).  Mycclia  were  grown  for  4 or  5 days  on  a shaker  al  150  rpm.  Mycclia 
were  then  rinsed  with  sterile  distilled  water  and  freeze-dried  using  a centrifugal 
evaporator  (Jouan,  Inc.  Winchester,  VA).  DNA  extraction  was  performed  using  0.05  g of 
dried  mycelium  and  a Fast  DNA  Spin  kit  (catalog  g 6560-200,  Bio  101.  Inc.  Vista.  CA). 
PCR  amplifications  were  carried  out  in  20  pl  mixtures  containing  2 pi  of  DNA,  2 pi  of  10 
X reaction  buffer  (500  mM  Tris  al  pH  8.3, 2.5  mg  of  BS  A/ml.  20  mM  MgO:.  5%  Ficoll 
400, 10  mMTartrazine;  Idaho  Technology,  Inc.  1779  FicolUDye),  I.2plofI  JmM 
MgCI;,  2.0  pl  ofdNTP(2.0  mM  P-L  biochcmicals).  0.2  pl  of  uq  polymerase  (5  unils/pl), 
and  10.6  pl  of  sterile  diaiilled  water).  Oncpl  eoch  of  the  universal  internal  primer  from 
the  ITS4  region  (5’-TCCTCCGCT  fATTGATATGC-3’)  and  thespecics-specific  primer 
Calni2  (5'-GGGGAAGCCTCTCGCGG-3';  10  pM)  for  C.  acuraiwn  or  the  specific 
primer  Cg/flntf  (5’ -GACCCTCCCGGCCTCCCCCC-B';  10  pM)  for  C.  g/oeosponoii/es 
were  used  for  identification  (Sreenivasaprasad  et  aU  1996a;  1996b). 
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The  pathogenicity  of  Catlecorrichunt  spp.  from  buried  crowns  was 
evaluated  in  greenhouse  experiments.  Twenty  isolates  (5%  of  the  isolates  recovered) 
were  randomly  selected  among  403  isolates  collected  during  the  1 999  study.  Seventeen 
ofthe  isolates  were  C g/oeospcrioidej  and  three  C acuiMim  Monoconidlal  isolates 
were  grown  on  PDA  for  5 days  at  24“C  with  continuous  fluorescent  light.  For  each 
treatment,  conidla  were  harvested  and  diluted  in  sterile  distilled  water  to  1 x 10^ 
conidin/ml.  Three  slmwberry  plants  of  culuvar  Camarosa  with  crowns  ca.  0.3  cm  in 
diameter,  were  inoculated  with  1 cc  insulin  syringes  used  to  wound  and  inject  0.1  mi  of 
conidial  suspension  at  leaf  axils  in  the  crown  area.  After  inoculation,  plants  were 
incubated  at  24  to  30‘C  for  48  hr  in  a humidity  chamber  and  maintained  in  a greenhouse 
at  tile  same  temperature  for  4 weeks.  One  strawberry  isolate  of  C.  aeuiaium  from 
anihrucnosc  fruit  rot  and  one  ufC  gfoeospo'voides  isolate  from  a diseased  crown 
fCoIleioiriclium  crown  rot)  were  also  included  in  the  test,  and  steriie  distilled  water  was 
used  as  control.  Plants  were  evaluated  weekly  for  symptoms  of  disease,  which  included 
willing,  and  plant  collapse.  The  experimenl  was  repeated  twice.  An  isolate  was 
considered  to  be  pathogenic  Ifrivo  of  the  three  inoculated  plants  wilted  and  collapsed 
within  30  days  of  inoculation.  Crown  segments  from  diseased  plants  were  surface 
sterilized,  sectioned  and  plated  onto  CIM  for  reisolation  and  confirmation  ofthe 
pathogen.  Weather  parameters  during  field  and  greenhouse  experiments  were  recorded 
using  dataloggers. 

At  the  time  of  burial  in  1998  (July  4),  C.  gheosporioitles  was  isolated  from 
surface  sterilized  crown  segments  from  87%  ofthe  crowns  (Fig.  lA).  Over  the  next  three 
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weeks  ofburial.  the  pathogen  was  isolaled  from  1003ioflhe  crowns.  Recovery  ofC 
gloeosporioides  began  decreasing  42  days  after  burial  when  C.  gloeosporioides  was 
recovered  from  75%  of  the  crowns.  Alter  56  days  of  burial  the  pathogen  was  not 
recovered  from  any  of  the  samples. 

In  1 999,  aAer  segments  were  surface  sterilized  and  plated.  C.  gloeospo>-loides  was 
recovered  from  70%  of  the  crowns  at  the  time  of  burial  {July  II)  at  both  5 and  13  cm 
{Fig.  I A).  After  7 days  of  burial,  the  recovery  of  C gloeospcnoides  incmased  to  90% 
and  805'»  at  5 and  13  era,  respectively,  Recovery  of  C glotxaporioides  increased  to 
100%,  14  days  after  burial  at  13  cm  and  21  days  after  buriol  at  5 cm.  Recovery  of  C. 
gloeoaporioides  from  buried  crowns  then  declined  to  90%  at  13  cm,  28  days  after  burial 
and  80".'.  at  5 cm,  35  days  after  buriol.  Forty-two  days  after  burial,  the  pathogen  was 
recovered  from  60“/4  of  the  crowns  at  each  depth.  Fifty-siit  days  after  burial,  C. 
gheospoiioidvs  was  recovered  in  20%  of  the  crowns  at  5 cm  and  10%  of  crowns  at  13 
cm.  Seventy  days  after  burial,  only  10%  of  the  crowns  from  both  depths  yielded  C. 
gheosporioides.  Collerolridiiwi  gloeosportoides  wns  not  recovered  on  crowns  at  cither 


depth  after  98  days  or  more. 

Recovery  ofC  gloeosporioides  from  ground  crown  tissue  on  dilution  plates  (Fig.  IB) 
was  simtiar  to  recovery  from  crown  segments.  Colliitoiridium  gloeosparloldes  was 
recovered  from  70  and  80/4  of  the  crowns  placed  at  5 or  13  cm  deep,  respectively,  at  the 
lime  of  burial.  The  recovery  ofC  gloeosponoides  increased  to  100%  at  both  depths  after 
21  days,  declined  to  20  to  40%  after  49  days,  and  furdier  declined  to  10  to  2054  after  70 
days.  The  fungus  was  nol  recovered  from  crowns  buried  for  98  days  or  more.  When  ihe 
data  sets  from  both  plating  methods  were  combined.  Ihe  recovery  of  C.  gloeosporiotdes 
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Days  after  burial 

Figure  I.  Frequency  of  recovery  of  Colletotrichiim  gloeosporioides  from  buried 
strawberry  crowns.  (A)  Recovery  from  surface  sterilized  crown  segments  buried  at  13 
cm  in  I99S  and  5 and  13  cm  in  1999.  (B)  Recovery  by  dilution  plating  of  ground  crown 
tissue  buried  at  3 and  13  cm  in  1999.  (C)  Percentage  of  crowns  on  which  C. 

gheosporioldes  was  detected  from  either  surface  sterilized  segments  or  dilution  plating 
of  ground  tissue. 
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from  buried  crowns  was  improved  in  comparison  lo  either  method  alone  (Fig.  1C).  The 
increased  tecovciy  of  C.  gloeosporioides  was  due  to  detection  of  the  ftingus  in  some  of 
ihecrowns  with  only  one  or  the  other  plating  method.  Specifically,  in  samples  iahcn49, 
and  70  days  after  burial,  C.  gtoeosporioieJes  recovery  at  13  cm  improved  from  10%  or 
20%  to  30%  recovery  of  the  pathogen  when  data  from  both  methods  were  combined. 

CoUetornchum  oaiiatuni  was  also  recovered  from  buried  crowns  but  only  in 
1999.  However.  C.  gloimpiiriimlfx  wav  Ihe  predominant  ColleMIrkliitm  species 
recovered  tlirotighout  ihe  e.vpcrimeni.  The  recovery  of  C.  acuiaium  was  similar  at  both 
burial  depths  (Urcfla-Padilla.  unpublished  data),  and  was  recovered  from  60%  of  buried 
crowns  after  7 and  14  daysofburia].  The  recovery  of  C.  ocutatuni  from  buried  erowrts 
declined  to  30%  after  26  days,  and  was  not  recovered  from  buried  erowrts  after  S6  days 
or  more  of  burial. 

Weekly  overage  precipitation  was  similar  during  the  eapcrimeni  in  I99S  and  1999 
(Fig.  2A).  The  average  weekly  precipitation  during  the  burial  period  was  5.9  mm  in  1998 
and  3.2  mm  in  1999  (5.4  mm  thirty  year  average).  During  the  first  50  days  of  the  burial 
period,  preciphalion  was  greater  in  1999  than  1998  (7.8  mm  vs.  4,5  mm  weekly  average 
preeipiuiion).  However,  from  August  through  September  (approsimately  63  to  1 19  days 
after  burial)  average  weekly  prccipitalion  was  higher  in  1998(10.6  mm)  than  in  1999(3.9 

Mean  weekly  air  icmpciaiutcs  from  June  to  October  were  higher  in  1998  than  in 
1999  (27.2*  C versus  26.4“C)  and  higher  than  Ihe  thirty-year  average  (25.5'C).  Higher 
icmperanires  were  especially  prevalentduring  the  first  35  days  of  burial  In  1993  when 
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Figure  2.  Weekly  prccipiiaiion  (A),  weekly  overage  oir  temperature  (B).  and  'veeldy  soil 
tempcraiuic  (C)  at  the  Gulf  Coast  Research  and  Educotiou  Center  in  Dover,  Florida 
during  the  summer  and  fall  of  1993  and  1999.  No  soil  temperature  data  was  recorded 
between  23  July  and  6 August  1998. 
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compared  10  !999  (Fig.  2B).  Average  weekly  soil  temperatures  were  2°  or  3°  C higher 
than  sirlemperauires  during  1998  and  1999  (Fig.  2B.  C).  Average  weekly  soil 
tcmpcraiurcs  were  hi^er  during  the  llrst  SO  days  of  the  bunal  period  in  1993  than  1999 
(Fig.  2C).  Soil  letnperahires  were  noi  recorded  bci'.veen  July  25  and  August  16, 1998  due 
to  equiptnem  malfunction.  Daily  soil  moisture  content  (water  potential)  was  recorded  in 
1999  (Fig.  3).  The  lowest  water  potential  (-0.022  Mpa)  occurred  42  days  after  burial  and 
corresponded  with  the  maximum  average  soil  temperatures  (32,2°  C),  highest  air 
temperatures  (29*  C),  and  reduced  precipitation  (2  mm)  in  1999  (Figs.  2 and  3). 

Fourteen  of  17  C gtMosporloiik'S  isolated  from  buried  crowns  were  pathogenic 
and  produced  typical  crown  rot  symptoms  on  strawberry  (i.e..  plant  wilting  and  death). 
Three  isolates  ofC  g(oeosporio/t/es  and  all  three  crown  isolates  ofC.  ocuiaiwn  evaluated 
were  not  pathogenic.  Crowns  of  plants  inoculated  with  pathogenic  isolates  e.shibited 
abundant  necrosis  and  reddish-brow'n  streaks.  Plants  inoculated  with  C.  glocosporiuUes 
isolated  from  a diseased  crown,  developed  typical  crown  rot  symptoms  whereas  the  C. 
aciiiawm  isolate  from  diseased  fruit  did  not  produce  Colleioiiichum  crown  rot  symptoms. 
No  symptoms  of  Cilletoiriehum  crown  ml  developed  in  the  sterile  water  inoculated 
controls. 

Discussion 

Colleioiridmm  gloeospcrioides  did  not  oversummer  in  buried  suawbeny  crowas  long 
enough  to  be  a major  source  of  primary  Inoculum  for  Colteloiriclium  crown  rot  epidemics 
in  fruit  production  fields  in  Florida.  Although  C,  gheosparioldes  ws  frequently  isolated 
from  crowns  of  strawberry  early  in  the  burial  period,  it  quickly  declined  to  undetectable 
levels  within  56  to  98  days  of  burial.  Because  the  time  period  between  incorporation  of 
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inoculum  for  crown  rol  epidemics,  even  (hough  sirewbcirics  ere  rcplentedin  (he  same 
Held  every  year.  Several  produclion  pracliccs  in  Florida  limn  (he  opporcunilies  for 
inoculum  of  C glwosporioiJes  (o  oversummer  in  plan!  debris  or  soil.  Wiihin  one  mon(h 
al\er  the  end  of  (lie  season  (late  March  or  early  Apnl)  plants  are  typically  killed.  Growers 
may  remove  (he  plastic  mulch  and  incorporate  plant  material  into  the  soil  at  this  time  or 
use  paraquat  to  kill  the  plants,  and  then  use  the  etusting  beds  for  a spring  vegetable  crop. 
Under  these  circumstances,  strawberry  debris  would  not  be  incorporated  until  May.  after 
the  vegetable  crop  is  harvested-  These  cxperiinems  simulated  a worst  case  situation 
where  strawberry  plants  would  be  grown  until  they  arc  incorporated  at  the  end  of  a late 
vegetable  crop  in  early  June,  in  most  commercial  siruations.  the  strawberry  planis  would 
have  been  killed  1 to  2 months  eariicr.  After  a summer  cover  crop  of  grain  or  legumes  is 
grown,  and  eventually  incorporated  in  August,  the  fields  are  fumigated  with  a mixture  of 
methvi  bromidC'Chloropicrtn  and  bods  for  the  next  season  formed  in  September  and 
October.  Fumigation  with  methyl  bromide  also  eliminates  Cotleioiridiiim  spp.  from  soil 
(Eastbum  and  Gubler.  1990). 

Previous  studies  have  shown  longer  survival  limes  (or  Colleioirichiiin  spp.  in 
strawberry  debris.  In  Louisiana,  inocuiuraof  C./ragonbe  wasableiosurviveuplo? 
months  in  crowns  of  whole  strawberry  plants  kept  at  5‘ C (Horn  and  Carver,  1968). 
Colleioiriehum  acuiaium  survived  from  November  to  July  ia  buried  runner  segments 
placed  5 to  7 cm  deep  in  northern  California  (Easiburn  and  Gubler.  1990).  However, 
environmental  conditious  during  the  summer  in  west  ceniral  Florida  are  dramatically 
different  from  the  winter  in  Louisiana  or  in  northern  California.  It  is  likely  that  the  lower 
temperatures  during  the  studies  in  Louisiana  and  Caltfomia  would  extend  the  survival  of 
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Colleiolrichum  spp.  in  plant  debris.  U has  been  hypothesized  that  survival  of  C.  acuwium 
may  improve  at  lower  temperatures  (Hastbum  and  Cubler,  1990).  This  may  be  due  to 
reduced  colonizadon  of  plant  debris  by  the  pathogen  and  other  soilbome  microorganisms 
that  would  compete  for  the  crown  tissue  (Easibum  and  Gubler,  1992;  Eaalbum  and 
Cubler,  1990).  Hot  and  wet  summers  iu  Florida  would  facilitate  the  rapid  colonization 
and  breakdown  of  strawberry  plant  debris.  In  our  experimenis.  the  pith  of  buried  crowns 
had  decomposed  completely  by  late  October  and  November,  leaving  a hollow  crown  with 
only  the  woody  cortex  remaining.  This  observation  supports  the  suggestion  that  most  of 
the  pith  tissue  has  been  colonized  and  decomposed  by  the  end  of  the  experiments  leaving 
little  or  no  substrate  for  survival  of  the  palhogen. 

Soil  moisture  content  may  have  afTcelcd  the  survival  of  C.  gloeoiporioides  in 
buried  strawberry  crowns  by  affecting  the  activity  of  the  fungus  or  by  indirectly 
disrupting  the  activity  of  its  competitors.  Effects  of  soil  moisture  content  on  survival  of 
ColUioiricImin  spp.  arc  documented  in  the  literature  (Eastbum  and  Gubler,  1992; 

Norman  andStrandber,  1997).  When  inoculated  strawberry  petioles  were  buried  in  an 
air-dried  soil  or  flooded  soil  for  7 weeks  at  25"  C,  C acmaiiim  was  delected  on  60%  and 
0%  of  the  petioles,  respectively  (Eastbum  and  Gubler,  1992).  In  Florida,  the  survival  of 
C.  aamiim  in  infected  plant  debris  of  leaiherleaffeni  or  m soil  increased  with  reduction 
in  soil  moisture  (Norman  and  Strandberg,  1997).  Alihou^  the  elTcct  of  variations  in 
moisture  and  temperature  on  the  survival  C gixospartoides  in  sirawhctry  crowns  is 
unclear,  it  is  likely  that  it  would  behave  similarly  to  C.  ucj/iaiuni  in  plant  dehnscrsoil. 

The  lower  precipitation  recorded  from  August  to  September  in  1999,  in 
comparison  to  the  same  period  in  199S,  obviously  reduced  the  moisrure  content  of  the 


soil  during  lhal  period.  This  situsUon  may  have  afTecled  the  ability  of  Colleioirichum 
spp.  to  survive  by  influencing  the  activity  of  other  organisms.  It  has  been  reported  that 
the  competitive  saprophytic  coloniaalion  ability  o(Tridiuderma  borzianum  in  buried 
plant  tissues  was  reduced  when  the  soil  was  flooded  or  there  was  a drastic  reduction  in 
the  moisture  content  of  the  soil  (Easibum  and  Butler,  1991).  Tissue  plated  onto  CIM  in 
July  I99S  produced  numerous  colonics  Q^Fusarium  spp.  and  Trichoderma  spp.,  with  the 
later  growing  abundantly  out  of  segtnenls  plated  at  the  end  of  July  (Urefla,  unpublished 
data),  fn  1999,  the  increased  recovery  of  these  species  from  crown  segments  was  not 
observed  until  late  August.  In  addition  to  environmental  differences  between  the  1998 
and  1999c!iperimcnis,  ihc  crowns  in  1999  were  grown  and  buried  in  soli  that  had  been 
furaijated  with  methyl  bromide,  whereas  in  1998  the  sites  were  not  fumigated.  Soil 
fumigation  nlTcois  the  activity  of  microbes  in  treated  soilfWarcup.  1976;  yeaicsclal.. 
1991).  In  the  1999  experiment,  fewer  nematodes  were  recovered  from  buried  erowns 
than  In  the  1998  experiment  (Urcila-Padilla,  unpublished  data).  Thus,  the  extended 
survival  period  for  C.  gloeosporioides  in  1999  may  have  been  caused  by  dilTerences  in 
microbial  activity  due  to  environmental  conditions  or  soil  fumigation. 

Most  isolates  of  C.  gloeosporioides  caused  Cotleioirichum  crown  rot  symptoms  in 
Ihc  greenhouse  bioassay,  but  none  of  the  C acuiuiuni  isolates  caused  crown  tot.  These 
results  support  the  observation  dial  Colleiotricbwn  crown  rot  epidemics  in  Florida  are 
caused  by  C.  gloeosporioides  (Legard  ct  ah.  1998).  h is  unclear  why  some  of  the  C. 
gloeosporioides  isolates  recovered  from  buried  crowns  did  not  cause  crown  rot  in  the 
bioassuy.  A possible  explanation  is  that  not  all  isolates  of  C.  gloeosponoides  recovered 
from  strawberry  tissue  arc  pathogenic  on  strawberry.  The  plants  used  for  the  burial 


siudies  did  not  have  symptoms  of  CoUeiolrichum  crown  rot  at  the  lime  of  Co!  lection,  and 
the  detached  crowns  coaid  have  been  colonized  by  non-pathogenic  isolates  of  C 
gioeosporioides.  Crown  rot  bioassays  of  isolates  of  C.  gloeosporioides  recovered  from 
strawberry  petioles  have  also  foand  that  some  of  these  isolates  do  not  cause  crown  rot 
(Lcgard,  unpublished  data). 

These  results  show  that  propagules  of  C gloeosporioides  in  buried  simwberry 
crowns  are  not  likely  to  be  an  important  source  of  inoculum  for  Colleroirkhum  crown  rot 
epidemics  in  Florida.  Other  sources  of  inoculum,  such  as  infected  or  infested  transplants 
or  alfcmaic  hosts,  may  be  more  important  in  the  epidemiology  of  CoUeiolrichum  crown 
rot  in  Florida.  However,  due  to  the  potential  for  some  survival  of  inoculum  in  well* 
p^escr^  ed  strawberry  debris,  it  is  prudent  that  growers  use  cultural  practices  that  promote 
the  breakdown  oferown  tissue  in  the  soil.  More  research  is  necessary  to  funbereiucidalc 
sources  of  primary  inoculum  for  CoUeiolrichum  crown  rot  epidemics  in  Florida. 


CHAPTER  4 

ElIOl.OGY  AND  POPULATION  GENETICS  OF  COLLETOT/UCHUM  SPECIES 
THAT  CAUSE  CRON  ROT  AND  FRUIT  ROT  OF  STRAWBERRY. 

Inlroduclifin 

Anthracnosc  fruit  roi  and  Colletorrlchum  crown  roi  arc  importani  diseases  of 
strawberry  worldwide  (Oenoyes  and  Baudry,  1995;  Freeman  and  Kaian,  1997;  Howard 
elal.,  1992:  Legard.  2000).  Symptoms  of  amhracnose  fruil  rot  include  the  formation  of 
sunken  necrotic  lesions  with  conidia  produced  in  abundance  in  acervuli  (Brooks,  1932). 
In  contnsi.  CoUecoirichum  crown  rot  alTects  the  plant  by  producing  reddish-browo 
necrotic  streaks  in  the  vascular  tissue  and  plant  collapse  without  the  development  of 
hypoplasia  (Legard,  2000).  In  some  locations,  up  to  80%  oflmnsplanis  have  been 
infected  with  CoUetotrtchiiin  spp.  (Bosshard,  1997)  prior  to  planting  or  killed  by 
CoUetomcliuni  crown  rot  (Howard  ei  al„  1992).  In  the  US,  yield  losses  attributed  to  fruit 
rot  hat  c been  greater  than  30%  when  warm  and  humid  conditions  occur  during  serious 
outbreaks  offruit  rot  developed  (Howard  eial.,  1992;  Wilson  etal.,  1992). 

Collelornchiim  aciiroium,  C.  fragariae.  and  C gloeosporioides  (teleomorph 
Ghmerella  cingtilaia)  ore  the  three  major  species  that  cause  disease  on  strawberry 
(Bosshard,  1997;  Brooks,  1932;  Denoyes  and  Baudry.  1995;  Freeman  and  Kaian,  1997; 
Howard  elal.,  1992).  The  Colleloihclmm  teleomorph  does  not  have  a recogniacd  role  in 
strawberry  epidemics  and  its  function  in  the  disease  cycle  is  ignored  (Howard  et  al,, 

1992;  Mass,  1998).  However,  Ciomsnttn  spp.  do  play  a role  in  the  epidemiology  of 
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diseases  affeelmg  other  annual  and  perennial  crops  including  other  members  of  the 
Hosoceae  family  (Sunon,  1992).  On  apple,  witere  C gloeosporioides  and  G.  cingulaia 
produce  a disease  called  bitter  rot.  ascosporcs  may  produce  the  primary  inoculum  for 
epidemics  in  orchards  (Sutton  and  Shane,  1983). 

Species  identification  in  Coll&olrichum  traditionally  has  been  based  on  the  shape 
and  size  ofconidia,  production  ofperithccia  or  setae,  and  colony  growth  characteristics 
(Gunnell  and  Gubler.  1992:  Smith  and  Black.  1990:  Sutton,  1992).  However,  these 
chsmeteristics  can  be  highly  variable  in  Colleiotrichiim  spp.  and  differetiliaiion  based  on 
morphological  characteristics  may  be  uncertain  (Cbakraborty  el  at.,  1997;  Freeman  el  ah, 
1998.  Sutton.  1992).  This  situation  has  lead  to  numerous  cases  of  incorrect  species 
identification  (Agostini  et  ah,  1992:Timmcr  cial.,  1998;  Sutton,  1992).  In  California,  a 
group  of  historical  isolates  front  apple  and  peach  originally  identified  as  G.  ciiigiilaiu 
were  later  re-classified  as  C ocurawm  (Gunnell  and  Gubler,  1992).  In  Florida, 
postbloom  fruit  drop  of  citrus  was  originally  idcniified  as  slow-growing  strains  ofC. 
gloeospor/oides  before  species-specific  PCR  primers  revealed  ihaiC.  acuiaiim  was  the 
correct  identity  of  the  pathogen  (Agostini  eiah.  1993;  Brown  el  ah.  1996;  Timmcrci  ah. 
1998).  Construction  of  species-specific  primers,  especially  from  the  ribosomal  ONA 
internal  transcribed  spacer  (ITS)  region,  has  been  proposed  as  the  most  elTicleni  and 
reliable  system  for  detection  and  differentiation  Colleiocnchuin  spp.  (Freeman,  2000; 
Srccnivasaprasad,  cl  a).  1996b).  However,  strains  of  C.fr^gariue  ore  still  difficult  to 
distinguish  from  those  of  C gloeosporioides  using  morphological  characters  or  ITS 
primers  (Baddic,  ct  ah  1999;  Sreenivast^rasad.  et  ah  1996b).  Molecular  evidence  from 
mitochondriol  DNA  hybridization,  ribosomal  DNA  sequences,  and  random  tunplificaUon 
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ofpolytnoiphic  DNAs  (RAPOs)  foumlaclosc  gcnelic  rclaiionsliip  belweenC.  fragariae 
and  C.  ghsosporloides  (Sreenivasaprosad,  ei  aL  1976b;  Suuun,  1992) 

The  biology  and  epidemiology  of  Co//e(orncAum  spp.  on  slrawbeny  are  unclear 
(Howard  el  oh,  1992;  Legard,  2000).  In  Florida,  clonally  produced  strawberry  plants  are 
grown  as  an  annual  winter  crop.  Green'top  transplants,  from  nurseries  in  the  northeastern 
U.S.  or  southeastern  Canada,  arc  planted  in  the  fall  on  rumigaicd  plastic-mulched  raised 
beds.  Fruit  are  typically  harvested  from  mid-November  to  early  April.  Although  the 
source  of  primary  inoculum  for  Colletotrichum  epidemics  in  Florida  is  uncertain 
(Howard  el  al..  1992;  Legard.  2000),  transplants  are  the  most  likely  source  (Howard  et 
al..  1992;  Freemanetal.,  1997).  Transplants  infected  with  Co//woirff/inni  spp.  have  been 
reported  in  California  (Eastbum  and  Oubler,  1990).  Israel  (Freeman  and  Kalan.  1997). 
and  Switzerland  (Bosshard.  1997).  In  lempcraie  production  regions,  inoculum  from  plant 
debris  may  initiate  epidemics  each  spring  (Eastbum  and  Cubler.  1990;  Wilson  ctaJ., 
1992).  However,  in  the  soulhcaslem  United  Slates.  CoUeloinchum  docs  not  survive 
between  strawberry'  seasons  in  plant  debris  (Ureha  et  al.,  1999)  or  in  soil  (Horn  and 
Carver.  1963). 

Evaluation  of  the  genetic  structure  and  relationships  among  lineages  of 
Colhiotrichum  ssp.  infecting  strawbeity  should  provide  insights  into  their  biology  and 
the  etiology  of  the  diseases.  Forasexuslly  reproducing  fungi  such  as  C aatiatum  and  C 
gloeaspo/'toides.  detection  of  subdivisions  among  populations  within  a particular  area  can 
indicate  ihcsuurcc(s)  of  initial  inoculum,  reveal  host  or  tissue  speciriciry,  or  lest 
assumptions  about  the  role  of  the  icleomorphic  state  in  the  epidemiology  of  the  diseases 
(Peevcrcl  al.,  1999;  Srecnivasapiasad.  1996a).  PCR-bescd  techniques  have  been  used  to 


Dssess  DNA  polymorphisms  in  a wide  voriciy  of  fiingi.  Random  amplificaiion  of 
polymorphic  DNA  was  used  lo  study  population  genetic  sinieture  and  hosispccifieily  of 
Fusariuni  ojysporum  (Crowhural  el  al.,  1995}  and/l/teniorifl  spp.  (Pccvcrcl  al„  1999). 
Qistinecion  between  isolates  of  C gheosporioitle^i  from  almond  in  the  II  S.  nnd  Israel 
was  accomplished  with  arbilrarily  primed  PCR  (ap-PCR)  analysis  (Freeman  el  a!..  1996). 
Molecular  techniques  such  as  ap-PCR  and  RAPD  are  relatively  fast,  require  only  small 
(ng)quaniitiesof  DNA.do  not  involve  radioactive  isotopes,  provide  randomly  associaled 
loci,  and  target  multiple  neutral  regions  of  the  genome  (Hadidi  oi  al..  1995t  Peeverand 
Milgroom,  1993).  The  purpose  of  this  study  was  lo  characterize  inira- and  intcrspecies 
isolates  responsible  for  fruit  rot  and  crown  rot  epidemics  in  Florida,  and  lo  evaluate  Ibe 
genetic  relationships  among  isolates  of  these  pathogens  to  provide  insights  into  the 
biology  of  the  pathogens  and  etiology  of  the  diseases. 

Materials  and  Methods 

A collection  of  166  straw  berry  isolates  of  Collecoihehum  spp.  from  anthracnosc 
fruit  rot  (50  isolates)  and  CoWerofrrWinm  crown  rot  (116  isolates:  Table  I)  were 
evaluated.  The  isolates  were  collected  from  10  strawberry  Dclds  within  c 15  km  radius  in 
the  Plant  Cily-Dover  area  of  west  central  Florida  from  1995  lo  1999.  One  of  the  fields 
was  sampled  three  limes  in  the  same  season  (Table  1;  samples  Dover  9-1,  Dover  9-2,  and 
Dover  9-3)  to  obtain  sufridcril  isolates  from  one  field  for  population  genetic  analysis. 
Four  isolates  of  C.  yhigufiue  (Table  1)  from  strawberry  crown  rot  lesions  and  13  isolates 
of  C glceasporioldes  from  non-strawberry  hosts  (Table  2)  were  also  included  in  the 
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study.  These  isolates  had  been  previously  identified  to  species  level  (Table  2). 
Monoconidial  cultures  were  stored  and  maintained  in  20%  glycerol  in  a -85’C  freezer. 
Mycelium  Production  and  DNA  Extraction 

Monoconidial  cultures  of  each  isolate  were  crowii  on  potato'dextrose  agar  (PDA) 
at  24*^  under  continuous  fluorescent  light  for  five  to  seven  days.  Contdlal  suspensions 
were  prepared  from  the  cultures  in  sterile  distilled  water  and  5 ml  were  transferred,  using 
sterile  pipets.  to  290  ml  flasks  containing  1 00  ml  of  Emerson  Media  (4  g yeast  extract.  IS 
g soluble  starch.  I g potassium  phosphate,  0.9  g magnesium  sulfate,  distilled  water  up  to 
a liter).  Cultures  wore  incubated  at  room  temperature  under  continuous  shaking  (190 
rpm),  Aflcr  three  days,  mycelium  was  harvested,  rinsed  with  sterile  distilled  water, 
filtered  through  cheesecloth,  then  freeze-dried  with  a oonirifugal  evaporator  (Jouan,  Inc. 
Winchester,  VA).  The  dried  mycelium  was  ground  into  a powder  using  sterile  glass  rods 
in  IS  ml  Falcon  tubes,  and  then  suspended  in  5 ml  extraction  buffer  (700  mM  NaCI;  90 
raM  Tris-HCI,  pH  8.0;  1%  S-mcrcnptocthanol;  and  1%  hcxadecyltrimethyl-ammonium 
bromide).  Suspensions  were  incubated  at  fi9"C  for  60  min,  then  S ml  of 
ehloroformtisoamyi  alcohol  (24;  1.  v;v)  were  added  and  the  mixture  emulsified  by  gently 
shaking  the  tubes  by  hand.  Aflcr  centrifugation  at  4'C  for  29  min.  the  supernatant  was 
re.emulsificd  by  hand  with  8 ml  of  ehloroformtisoamyi  alcohol  and  centrifuged  al4”C  for 
29  min.  The  resulting  supernatant  was  mixed  with  0.8  volume  of  isopropanol  and 
centrilliged  ford  min.  The  DNA  preoipilate  was  air  dried  and  re-suspended  in  2.0  ml  of 
TEdOmMTris.  ImM cthylencdiamineletraacelic acid,  pH 7.4).  The  DNA  waste- 
precipitated  with  0,9  volume  7,9  M ammonium  acetate  (NaNHxOAc)  and  two  volumes 


Table  I.  Isolates  of  CoHeroir/c/ium  spp.  isolaled  from  diseased  strawberry  tissue  (crown 
rot  or  fruit  rot)  in  west-cenliul  Florida. 


Tissue  Isolated  from  Source  Veur  Number  ofisolates 


Dover  l‘ 
Dover  3 
Dover  8 

Dover  9-2' 
Dover  9-3' 


Dover  18 
Dover  25 


Dover  2b 
Dover  3b 

Dover  4b 

Dover  6b 
Dover  7b 
Dover  8 

Dover? 
Dover  10b 


996 

999 

998 


997 

999 

997 
996 

998 


Sub-total 


995 


996 

996 


997 


25 

23 


Sub-totuI  50 


Total 166 

' Isolates  of  C./ro^oriae, 

' Isolates  collected  from  tbc  same  Hold  ou  three  different  dates;  November  23  (Dover  9- 
I),  December  30  (Dover  9-2),  and  February  24  (Dover  9-3). 
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Table  2.  Isolaics  of  Colleioim-hum  spp.  oblaincd  from  non-sirawbcrry  hosis  and  used  for 
comparison  wiih  Colhioiricimni  spp.  recovered  from  syieptomalic  slmwbcrry  tissue. 


Location  Host 

c , Isolates  c 

Symptom  Species 

Arkansas  Weeds 

Dover,  Florida  Svveen  gunr 

Homestead,  Florida  Mango 

Lake  Alfred,  Florida  Cimisspp. 

Lake  Alfred,  Florida  Citrus  spp. 

South  Carolina  Peach 

South  Carolina  Crape 

Unknown  2 C.  ghiosporioides 

Unknown  I C gloeosporioides 

Unknown  3 C.ghsosporioides 

Unknown  1 C acutamni 

Unknown  4 C gheosporioides 

Fruit  rot  1 C.aciilclum 

Fruitrot  1 Cacttiaium 

13 

' UnidcntiUcd  weed  hosts 
* Sweet  gum:  Liqiiidambar sryract/Iua 

elhano].  After  cenlritijging  (6  min),  the  pellet  was  re-suspended  in  400  gL  ofTE  buffer 
and  RNaseflO  mg  of  RNasc  per  millilicer).  After  30  min,  DNA  was  prccipiiaied  with  0.5 
volume  7.5  MNHjOAcand  2 volumes  ethanol  then  centrifuged  si  M.OOOrpm  for  10 
min.  The  DNA  pellets  were  re-suspended  in  SO  to  500  >iL  ofTE  buffet,  and  stored  at  - 
20°C. 

ITS  Primers 

All  isolates  were  assigned  to  species  by  polymerase  chain  reaction  (PCR) 
amplification  using  species-specific  primers  from  the  ribosomal  DNA  iniemal  transcribed 
spacer  (ITS)  region  (Sreenivasaprasad  et  lU.,  1996a,  1996b).  PCR  amplifications  were 
carried  out  in  20  pi  mixtures  containing  2 pi  of  DNA,  2 pi  of  10  a reaction  buffer  (Idaho 
Technology,  Inc.  1779  Ficoll/Dye),  1.2  pi  of  1.5  mM  MgClj,  2.0  pi  ofdNTP  (2,0  mM  P- 
L Biochemicals),  0.2  pi  ofTaq  polymerase  (5  unils/pl),  and  10,6  pi  of  sterile  dislilled 
water).  Ten  pM  (1  pi)  each  of  Ihc  universal  iniemal  primer  from  ihe  1TS4  region  (5‘- 
TCCTCCGCTrATTGATATOC-3')nnd  ihc  specics-spccific  primer  Calni2  (5'- 
GGGGAAGCCTCTCGCGC-3')forC  ocumrnm  or  Che  specific  primer  Cg/f  1ml  (5- 
CaCCCTCCCGGCCTCCCGCC-3';  10  pM)  for  C.  gfoeosporio/der  was  used  for 
idenlificaiion  (Sreenivasaprasad  el  al.,  1996a.  1996b).  DNA  was  amplified  with  on  initial 
step  of  4 min  at  94°C  then  34  cycles  of  I min  al  94°C,  2 min  al  59°C,  and  2 min  ai  72"C. 
DNA  ivas  scparaicd  by  clceirophoresis  in  a 0.7%  (wtfvol)  LE  agarose  (Promega)  in  O.Sx 
TBE  buffer  (0.045  M Tris-boraie,  0.001  M EDTA,  pH  8.0),  stained  wiih  elhidium 
bromide  and  then  photographed  by  iransilluminalion  using  a Polaroid  MP-4  with  667 
film  (Polaroid  Cerp..  Cambridge,  MA). 
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PaThoyenieicv  Tesis 

The  pathogenicily  of  reprcscnialive  slrawbcrry  isolales  of  CotUioiricfuinj  Irom 
crown  Tol  (53  isolates)  and  fruit  roi  (20  isolates),  iso! alas  of  C.  UL'uiaium  and  C 
gloeosporioides  (mm  non-suawberry  hosts  (13  isolates),  and  four  isolates  of  C./ragar;ae 
were  bioossayed  in  laboratory  and  greenhouse  experiitienis.  Isolates  for  the  assays  were 
selected  to  include  representatives  from  all  major  lineages  within  a dendrogram 
constructed  from  RAPD  and  microsalollile  ntarkers  and  included  at  least  two  strawberry 
isolates  from  each  field  location  (Table  I),  Sterile  distilled  water  was  used  for  a control 
treatment.  For  each  irealniem,  conidia  were  horvesled  from  7-dny-old  colonies  grown  on 
PDA  at  24“C  under  continuous  nuorcseem  light  and  diluted  in  sterile  distilled  water  to  I 
X 10^  conidia  per  ml  using  a hemacytometer. 

Tire  ability  of  each  isolate  to  produce  crown  rot  symptoms  was  evaluated  by 
inoculating  tliroe  greenhouse  gro'vn  strawberry  plants  of  cullivarCamarosa  usings  I ml 
insulin  syringe  equipped  with  0J6  mm  x 13  mm  (28GI/2)  needle.  The  needle  was  used 
to  wound  and  deliver  0.1  ml  of  freshly  made  comdial  suspension  into  the  lower  leaf  axil 
of  each  crown.  After  moculaiion.  the  plants  were  placed  inside  a moisture  chamber  at  24 
to  30^C  for  48  hours  and  later  maintained  in  a greenhouse  at  the  same  temperarure  for  4 
wcclts.  Plants  were  evaluated  weekly  for  symptoms  chaructcristic  of  Co//e(otrieAu»i 
crown  rot  (i.e..  willing  and  collapse  of  plant).  An  isolate  was  considered  to  be  pathogenic 
iftwooflhe  three  Inoeuiaied  plants  willed  and  collapsed  within  30  days  of  Inoculation. 
Crown  sections  from  diseased  plants  were  surface  sierilixed.  sectioned  and  plated  onto  a 
Colleioiriclium  scmi-seleclivc  medium  (16  g of  Dilco  potato  dextrose  broth,  l4gof 
Difeoagar,  230mgofamplcillln.  ISO  mg  of  streptomycin  sulfate,  5 mg  oflpcodione  (3), 
lOOplorTergliol,  and  de-ionized  water  to  I liter)  (Urofla  el  al„  2000)  forrc-isolalion  and 
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cotifirmalion  of  Ihe  pathogen.  All  isolates  were  evaluated  in  at  least  two  separate 
inoculation  experiments. 

To  evaluate  fruit  pathogenicity,  laboreiory  assays  were  conducted  using  fully 
detached  ripe  fruit  of  cultivarCamarosa.  Fungal  cultures  were  grown  as  previously 
described.  For  each  isolate,  ten  detached  fruit  were  inoculated  by  depositing  on  Ibe  fruit 
surface  10  pi  of  a conidial  suspension  (I  x 10^  conidia/  ml)  using  a 100  pi  pipette.  Fruit 
were  placed  inside  plastic  conlaincis  (32  x 26 1 10  cm)  on  diicken-wite  racks  suspended 
above  100  ml  of  water  and  mcubaicd  for4  days  at  25'C.  Each  container  was  wrapped 
with  plastic  nim  (Reynolds  Film  910)  to  maintain  high  humidity  conditions.  Allerlwo 
days,  the  containers  were  unwrapped  and  fruit  were  examined  daily  for  the  development 
of  lesions  for  two  additional  days. 

RAPP  and  Microsaielliie  Markers 

Thiny.four  primers  were  evaluated  for  their  ability  to  generate  random  ampiiftcd 
polymorphic  DNA  or  microsaielliie  markers.  Four  primer  were  selected  for  use  in  Ihis 
study;  (GACAki  (GACACACAGACAGACA|.  (ACTG)4  [ACTGACTOACTGACTO], 
(TCC)s  [TCCTCCTCCTCCTCC).  and  OPC-5  (CATGACCGCC]  (Operon 
Technologies).  In  the  case  of  the  primers  (GACA)4,  (ACTCka.  and  (TCC)s  PCR 
amplifications  were  done  In  20  pi  mixtures  containing  13.2  pi  of  sterile  distilled  water, 
2.2  pi  of  10  X reaction  buffer  (500  mM  Tris  at  pH  8.3. 2.5  rag  of  BSAf  ml.  20  mM 
MgCb.  5%  Ficoll  400. 10  mM  Tartrazine;  Idaho  Technology,  Inc.  1779  FicolVDyc),  0.4 
pi  ofdNTP  (2.0  mM  P*L  biochemicals),  2 pi  of  DNA,  2 pi  (20  pM)  of  primer,  and  0.2  pi 
ofTaq  polymerase  (5  units/pl).  Samples  were  overlaid  with  50  pi  of  mineral  oil  and 
DNA  was  amplified  in  a programmable  Ihcrmocycler  (M.  J.  Research,  Inc.,  Watertown. 
MA)  in  an  initial  step  of  5 min  at  95"C  then  34  cycles  of  1 min  at94*C,  1 minai40*C 
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(GACA>4  or  46'C  (ACTO).  and  (TCC)j  primers,  and  1 .5  min  al  72‘C.  PCR 
amplificaiions  using  lhcOPC.5  primer  were  done  in  16  pi  mixtures  containing  9.2  pi  of 
sletiledislillcd  water,  2.2  pi  of  10  X reaction  bulTcr  (Idaho  Technology,  Inc.  1779 
Ficoll/Dye),  0.4  pi  of  dNTP  (2.0  mM  F-L  biochcmicals).  2 pi  of  DNA,  2 pi  (20  pM)  of 
primer,  and  0.2  pi  of  taq  polymerase  (5  unitrtipl).  Samples  were  os'Orlaid  with  50  pi  of 
mineral  oil  and  DNA  tvas  amplified  with  an  initial  step  of  5 min  at  then  24  cycles  of 
I min  at  94*C,  2 min  at  27’C.  and  2 min  at  72“C.  PCR  products  were  separated  by 
electrophoresis  as  described  previously  using  a 29i  (wt/volj  agarose- 1000  (Gibco  BRL| 
in  O.Sx  TBE  bulTer.  All  RAPD  and  microsatclliie  primers  were  tested  at  least  three  times 
for  each  isolate.  Forty  different  DNA  fragments  that  were  consistent  PCR  products  were 
treated  os  molecular  markers  and  scored  os  present  or  absent 
Data  Analysis 

The  genetic  structure  of  the  sampled  Cotleiotrichuw  populations  were  evaluated 
and  summarized  using  the  unweighted  pair  group  method  with  arithmetic  averages 
(UPGMA)  based  on  DICE  similarity  coefficients.  Dendrograms  were  constructed  and  a 
cophenetic  correlation  value  was  calculated  for  the  pheneiic  tree  generated  by  UPGMA 
cluster  analysis  and  the  similarity  matrix  data  to  add  statistical  support  for  the  clustering 
represented  in  the  dendrogmms.  Analyses  were  performed  using  the  cluster  onalysis 
program  NTSYS,  PC  version  2.0  (Exeter  sofcwiire,  Setauket,  NY).  Further  examination 
ofgcnede  diversity  in  C glowsporioides  crown  rot  and  C.  aciirarum  fruit  rot  populations 
were  conducted  on  four  subpopulalions  (Dover  9-1.  Dover  9-2,  Dover  9-3,  and  Dover  5) 
that  had  a large  number  of  Isolates  per  subpopulation.  Research  has  shown  that  natural 
pupuiaiiunsorCo//eroincAi>m  spp.  can  contain  high  levels  of  genetic  variability  (Buddie 
etal.,  1999;Ch8kroborty  clal.,  1997;  Denoyes  and  Baudry,  1995;  Sreenivasaprasad  et  al„ 
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1996a;  Sutton,  1992).  Therefore,  in  order  to  assess  relationships  among  populations  it  is 
necessary  to  estimate  the  proponions  of  genetic  variation  within  and  between 
populations.  Allele  frequencies  were  estimated  within  each  of  these  four  subpopulaiions 
{mean  vreighted  bv  population  sample  size)  and  the  population  substructure  was 
evaluated  by  an  analysis  ofmolecular  variance  (AMOV A;  ExcofTicr  et  al.,  1992). 
Linkage  disequilibrium  between  pairs  of  loci  was  evalualed  lo  test  the  hypothesis  that 
variation  within  subpopulations  was  a result  of  sexual  recombination.  In  linkage 
disequilibrium  tests,  the  likelihood  of  the  sample  under  the  hypothesis  ofno  association 
between  loci  (random  gametic  association  between  alleles)  is  compared  lo  the  likelihood 
of  the  sample  when  association  is  allowed  (pairs  of  loci  fail  to  undergo  recombination  = 
linkage  disequilibrium).  The  signilicance  of  the  observed  likelihood  ratios  is  found  by 
computing  the  null  distribution  of  this  ratio  under  the  hypothesis  of  Ibkage  equilibrium, 
using  a permutation  procedure.  The  lest  is  more  powerful  at  detecting  departure  from 
equilibrium  for  higher  values  of'‘y",  the  number  of  combinations  (copies)  of  alleles 
observed  in  the  sample  (Schneider  ct  ai,.  2000).  To  increase  Ihe  definition  power  of  the 
test,  parameters  in  the  program  were  set  so  that  only  polymorphic  loci  with  at  least  three 
different  combinations  of  alleles  In  the  sample  (y  = 3)  were  evaluated.  All  AMOVA  and 
linkage  disequilibrium  analyses  were  performed  using  the  ARLEQUIN  program  (version 
2.0.  Genetics  and  Biometry  Laboratory,  University  of  Geneva,  Geneva.  Switzerland). 

Soccics.Snedflc  Primers 

All  175  isolates  (162  from  strawberry  and  13  from  non-strawberry  hosts)  of  C 


r were  successfully  identified  to  species  by  amplification 


ofa  450  or  a 490  bp  DNA  fragmcnl  wiih  one  oflhc  species-spccific  primer  sols  (Cg/f 
Inll  urCaIm2).  All  bui  two  ofihe  1 16  isolates  rroni  nowbeiry  creuns  produced  a 
characteristic  amplification  product  when  die  C.  g/ocosporio/des  specific  primer  set  (Cg/f 
Inti  / 1TS4)  was  used.  The  rctitaining  two  isolates  and  all  50  fruit  mt  isolates  produced 
an  amplification  product  when  theC.  acuriiruni  primer  set  (CainlO  / ITS  4)  was  used. 
Species  identities  of  isolates  from  non-strawberry  hosts  were  confirmed  using  the  ITS 
primers  (Table  2). 

Paihoggnicirv  Tests 

Siaty-four  crown  isolates  (60  of  C.  gloeosporioides  and  four  of  C.fragariae).  12 
C.  acxiiaium  isolates  (two  from  strawberry  crowns  and  20  from  strawberry  fruit),  and  13 
isolates  from  non-strawberry  hosts  were  evaluated  for  their  ability  to  produce  disease  in 
strawberry.  When  inoculated  into  crowns,  all  60  isolates  of  C.  glamsporioiiles  and  the 
four  isolates  ofC.  frugarine  obtained  from  crowns,  produced  symptoms  characteristic  of 
Colleiorrichiini  crown  rot  (i.e..  rapid  will  and  plant  death I.  The  two  isolates  of  C- 
aaiiaiim  isolated  from  diseased  crowns  did  not  produce  typical  crown  rot  symptoms. 
Rather,  these  isolates,  and  two  isolates  ofC.  octdaiam  obtained  from  strawberry  fruit, 
caused  a general,  slow  decline  in  plant  vigor,  wilting  and  dying  of  older  leaves,  and 
stunting  ofihe  plant.  Eighteen  isolates  of  C.  acuiaiuni  obtained  from  strawberry  fruit, 
and  all  13  isolates  ot Collcwrichum  spp.  obtained  from  non-slrawbetry  hosis  did  not 
produce  noiiccablcsympioms  in  crowns.  Although  some  plams  were  severely  alTccied 
by  the  disease,  all  oflhc  plants  Inoculaled  wiihC  aniiaium  isolates  in  the  greenhouse 
bioossays  were  still  alive  after  four  weeks.  No  symptoms  developed  in  the  sterile  water 
inoculated  controls.  CoJletotnchum  gloeosporioides  was  re-isolated  and  re-characterizcd 
from  symptomatic  cccpwns,  except  when  C.  acnrolum  was  inoculated  into  the  crowns. 


Ah  isolates  of  bolh  C gloeosporioides  and  C acuiaium  produced  lypical 
symptonuofan  amhracnosc  rol  on  inoculalcd  deiachodripc  fruit,  i.e..  Umllcd  sunken 
necrotic  lesions  and  orange  colored  conidial  masses,  wiihin  four  days  of  inoculation.  No 
symptoms  developed  in  the  sterile  water  inoculated  controls.  Colleio<richum 
gloeospcrioides  and  C.  acumium  were  re-isolated  and  characterized  from  infected  fruit. 
RAPP  and  Mierosatellite  Markers 

Forty  RAPO  or  mierosatellite  markers  were  identified  for  population  genetic 
comparisonsoflheisolalcs.  DNA  tnatkers  ranged  in  size  from  co.  200  to  1500  bp.  The 
number  of  markers  varied  for  each  primer  with  primer  OPC-5.  (TCC)s,  (ACTG)  j,  and 
(CACA)j  producing  12, 1 1. 10  and  7 sccrable  markers,  respectively. 

To  facilitate  the  presentation  of  tiie  genetic  relationships  among  isolates,  a 
dendrogram  comprised  of  32  representative  isolates  collected  front  locations  Dover  ! 
(crown  rot,  C.fragariee).  Dover  9-1,  Dover  9-2.  Dover  9-3  (crown  rot,  C. 
gheospariaides).  Dover  5 (fruit  rot,  C.  acuiaium)  ind  isolates  from  non-straw  berry  hosts 
tC.  glaeospofioides  and  C,  acuiaium)  was  constructed  (Figuic  I).  This  group  of  isolates 
illustrated  all  the  major  clusters  observed  in  the  dendrogram  produced  using  the  complete 
data  SCI  (166  strawberry  Isolates  and  Ihe  13  isolates  sampled  from  non-strawberry  hosts). 
Acophenetic  correlation  value  of  0.899  was  obtained  when  the  phonetic  tree  generated 
by  UPGMA  cluster  analysis  and  the  similarity  matrta  from  all  scored  isolates  were 
compared,  supporting  the  branching  poinu  for  die  major  clusters  found  wiihin  the 
dendrograms.  The  dendrogram  of  all  179  isolates  (not  shown)  and  the  one  with  82 
reprcsenlaiivc  Isolates  (Figure  I ) produced  three  major  lineages. 


C.  glo 
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Similarity 


The  firsl  lineage  included  all  isolaies  of  C gloeosporioides  (as  idenlificd  by  Ihc 
Cg/flnll  and  ihc  ITS4  primers).  This  group  included  two  disibctive  groups:  all  isolaces 
of  C.  gheasporioides  from  crowii  roc,  and  all  isolaies  of  C.  glofosporioides  from  non- 
sirawbcrry  hosts.  The  overall  similariiyeocfTicienl  among  C.  gloeosporioides 
strawberry-crown  rot  isolates  was  0.65,  and  0.45  when  isolates  from  non-strawberry  hosts 
were  included.  Among  all  116  isolates  ot C.  gtoeosporioides,  only  Two  isolates  from 
subpopulation  Dover  9-3  were  identical  for  ail  the  inoiccular  markers  evaluated  (Figure 
1).  All  the  other  isolates  within  the  C g/oeospor(orrfes  lineage  had  a unique  phenotype, 
showing  Ihc  high  diversity  within  C.  gloeosporioides. 

The  second  major  lineage  in  the  dendogram  included  all  C.  ocuwiunt  isolates 
tidenlifled  with  the  Calm2  and  the  1TS4  primers).  The  overall  similarity  coefficient 
among  C.  ticiiwiwn  isolates  was  0.60.  However,  the  C.  ucuiimmi  group  also  contained 
two  distinct  lineages:  all  strawbeiry  fruit  rot  isolates  (similarity  coefFiciem  of  0.91)  and 
C.  ocuranimisolalesfromnon-strawbeny  hosts  (similarity  coefficient  of  0.80).  The  two 
C acuiaium  isolates  obtained  from  crown  tissue  and  identified  as  C.  acuiajum  with  the 
ITS  primers,  grouped  with  the  strawberry  fruit  rot  isolates  (Figure  1).  In  marked  contrast 
to  the  diversity  observed  in  C.  gloeosporioides,  80%  of  the  C.  ocuiaiiim  isolates  belonged 
to  three  clonal  groups  (similarity  cocfficieni  of  1.0)  (Figure  I). 

The  four  C.fragariae  isolates  formed  the  third  major  distinct  lineage  In  the 
dendogram  (Figure  I).  The  Cynagorme  isolates  were  36%  and  40%  similar  to  the  C. 
ocuiaiion  and  the  C.  gloeosporioides  isolates,  respectively.  This  third  lineage  was 
associated  with  a clonal  population  composed  of  historical  isolates  of  C./ragarioe.  which 
does  not  appear  to  play  an  important  role  in  recent  Colleloirichuin  epidemics  on 
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sirawhcrty,  as  indicaiciJ  by  the  lack  ofrcpom  oftie  paihogcn  since  Ibe  1980’s  and  the 
lack  of  isolates  of  this  species  In  samples  collected  for  this  study. 

AMOVA  analysis  of  allele  frequencies  included  one  C.  acutaium  fruit  rot 
population  (Dover  3)  and  three  C.  gloeosportoides  crown  rot  populations  (Dover  9*1, 
Dover  9<2.  and  Dover  9>3).  This  analysis  revealed  highly  significant  differences  (Far  = 
0.65,  P 0.00 1)  behvecn  the  fruit  rot  population  (Dover  5)  and  each  crown  rot 
subpopulation.  This  means  that  a la^e  part  of  the  molecular  variability  (65%)  resided 
within  subpopulations.  Signitlcom  differences  were  also  observed  among  subpopulations 
atC.gloeosporioidesifsf^OM.P  0.05).  Differences  among  subpopulalions  Dover  9-1 
and  Dover  9-2  (Fs7=0.24),  Dover  9-1  and  Dover  9-3  (Fs?=  0.22),  and  Dover  9-2  and 
Dover  9-3  (Fsj=  0.17)  were  all  significant  O’  0.05).  Allele  frequencies  of  these 
subpopulalions  of  crown  rot  (for  each  locus  with  a mean  allele  frcquency>0)  are 
presented  in  Table  3. 

Because  of  the  significant  dilTcrentialion  among  sub-populations,  pairwise 
linkage  disequilibrium  was  calculated  individually  for  each  sab-population  ofC- 
gloeosporioides.  Twenty-three  polymorphic  loci  were  used  in  linkage  disequilibrium 
tests  (those  that  had  at  least  tliree  different  combinations  of  alleles  in  the  subpopulation) 
and  percenuges  of  linked  loci  per  locus  (P  0.05)  are  presented  in  Table  4.  The  numbers 
of  multiple  alleles  for  a particular  locus  as  well  as  the  number  of  unlinked  loci  were 
greater  among  C,  gheosporioides  crown  rot  subpopulation  than  the  C.  aciiiotion  fruit  rot 
population  (Tabic  4).  Of  tite  23  putative  loci  evaluated  among  crown  rot  isolates,  17  in 
subpopulation  Dover  9-1. 15  in  Dover  9-2,  and  six  in  Dover  9-3  were  tested.  For  crown 
rot  isolates,  ibe  percentage  of  linkage  between  two  pairs  ofmulliple  allele  loci  was 
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Table  3.  Allele  frequencies  of  34  pulalivc  molecular  loci  genertiled  with  RAPD  and 
microsaiellite  markers  from  three  subpopulatiotis  of  Colleiolrichiim  crown  rot  (C 
gloeosporioides)  obtained  from  a commercial  strawberry  farm  in  west  central  Florida. 


RAPD  or  microsaiellite 


Subpopulation 
Dover9-2'  Dover9-3' 
(n=23)  (n-11) 


0.017 

0.397 
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Tabic  4.  Pecceniagcoflinked  loci  toe  23  puuiivc  molecular  loci  gcneraicd  with  RAPD 
and  microsalellite  marker  of  three  subpopulaiions  of  Coiteiotrichum  crown  rot 
(subpopulations  Dover  9- 1,  Dover  9-2,  and  Dover  9-3;  C.gloeospo/'hides}  and  one 
population  of  anlhracnose  fruit  rot  (Dover  S;  C.  acusatuni).  A dash  means  no  significant 


RAPD  or  microsatellite 

Pooulation  or  Suboooulation' 

locus  size  (Kbp) 

Dover  9-1 
tn=251 

Dover  9-2 
(n=23) 

Dover  9-3 
(n=lll 

(n=24) 

Primer  (GACAV 
1.2 

7-1 

1.0 

7.1 

0.7 

6.2 

14.3 

20.0 

0.2 

0 

Primer  (ACTG)j 

0 

14.3 

1.2 

6.2 

0 

0.9S 

12.5 

O.S 

0 

20.0 

0.6 

12,5 

21.4 

25.0 

0.5 

0 

7.1 

0.3 

I8.S 

PrimerOPC-5 

25.0 

: 1 

25.0 

20.0 

1.7 

20.0 

1.0 

6.2 

7.1 

1.2 

6.2 

14.3 

0 

0.6 

21.4 

0.2 

12.5 

7.1 

0 

Primer  (TCC)s 
1-0 

6.2 

7.1 

0.4 

18.8 

28.6 

OJ 
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No.  polimorphic  loci 

17 

15 

2 

No.  unlinked  toci 

4 

1 Sample  sizes  are  given  in  parentheses. 


eslimaled  between  0%  (unlinked  locus)  to  29%  (Table  4).  Only  two  loci  out  of  23  could 
be  analyzed  for  fruit  rot  isolates  and  they  were  linked  in  25%  of  the  samples  (Table  4). 


Discussion 

The  results  of  this  study  support  the  hypothesis  that  anlltracnose  fruit  rot  is  caused 
by  C.  acuiaiim  and  Collsioiricinai  crown  rot  is  caused  by  Chmerella  cingulaia  the 
tcicomorph  of  C.  gtoeosporioides.  The  large  differences  in  genetic  architecture  of  these 
species  (high  diversity  and  low  linkage  disequilibrium  versus  low  diversity  and  high 
linkage)  indicate  that  the  former  populations  are  clonal  or  nearly  so.  while  the  latter 
species  is  sexually  reproducing. 

The  ITS  primers  could  not  differentiate  between  C gloeospurioides  and  C 
/ragunce  isolates,  due  to  the  uniform  size  of  the  amplification  fragments  of  genomic 
DNA  generated  with  the  species.speciflc  primers  (490  bp).  The  difficulty  encountered 
while  trying  to  identify  isolates  of  C gloeospoiioides  and  C.fragaHue  with  ITS  primers 
was  expected  due  to  the  lack  of  significant  dilTorcnces  between  the  two  species  in  the 
region  of  the  ribosomal  DNA  from  tvhere  the  primers  were  designed  (Sreenivasaprasad 
et.  aU  1996a.  1996b).  Our  idcnlificaiJon  of  the  crown  rot  isolates  from  strawberry  as  C. 
gheosporioldes  and  not  as  C.fragariae  is  supported  by  the  grouping  in  our  dendrogram 
analysis.  Furthermore,  the  putative  C.fraganae  isolates  in  the  dendrogram  appear  to 
have  the  clonal  structure  expected  for  a species  that  can  be  differentiated  from  C 
gloeosporioides  by  the  absence  of  a sexual  stale  (Maas,  199S), 

All  isolates  of  C.  gloeosporioides  from  strawberry  but  none  of  the  isolates  of  C. 
acuiaum  produced  typical  crown  rot  symptoms  in  greenhoase  bioassays.  Although  C 
acuiaium  can  occasionally  cause  crown  rot  like  symploms  on  strawberry,  the  slower 
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decline  of  the  plamdilTercntitiicd  crown  rot  symptoms  produced  by  C acuiauim  from 
those  of  C gloeosporloides,  where  e fust  collapse  and  death  of  the  plant  typically  occurs. 
Only  C gloeospoiioidts  was  recovered  from  dead  strawberry  plants,  supponing  the 
conclusion  that  C gloeosporioides.  and  not  C acuianoti,  is  responsible  for 
Collerotrichum  crown  rot  epidemics.  Only  petiole,  crown  and  stolon  infections  arc 
reported  in  the  original  descriptions  of  strawberry  diseases  caused  by  C./ragariaeaud  C. 
gloeosporioides  {Brooki,  1931;  Dcipand  Milholland,  1980;  Howard  el  al..  1992). 

Serious  fruit  rot  epidemics  only  developed  in  the  United  Stales  after  the  introduction  of 
C.  ecuialum  in  the  1980's  (Howard  el  al..  1992;  Smith,  1986).  Most  early  descriptions  of 
anihracnosc  fruit  rot  identify  C.  acuiaium  as  the  responsible  pathogen  (Denoyes  and 
Baudry,  1995;  Easibum  andOublcr,  1990;  Howard  ei  al„  1992).  Reports  of  fruit  rot 
epidemics  by  C.  gloeosporioides  oi  C.  fi-agahae  maybe  auribuled  to  persistent  problems 
In  properly  idomirylng  species  o(  Collelolrichum  based  on  morphological  chamcierisllcs 
(Freeman  el  al.,  2000;  Sreenivasaprasad  elal.,  1996b).  Under  cxlrcme  conditions.  C. 
aciiiaium  can  cause  a slow  decline  and  death  ofsErawberry  plants  (Freeman  and  Kaian, 
1997;  Freeman  el  al.,  1997).  but  this  is  a different  disease  than  the  rapid  plant  wilt  and 
death  caused  by  C gloeospoyieides  and  C.fragariaa  (Horn  and  Carver.  1968;  Legatd, 
2000).  If  the  Icrms  anthracnose  fruit  rot  and  Colleioiridiiim  crown  rot  are  to  be  retained, 
a new  term  must  be  introduced  to  describe  the  slow  decline  associated  with  crown  rot 
infections  by  C.  acuiaium.  If  that  must  be  the  case,  die  name  “Co/ferwr/cAuw  slow 
decline"  is  suggested  for  symptoms  ofstrawbeny  crown  rol  associated  with  C.aculatum. 

Although  the  results  of  Ihc  crown  bioassays  clearly  distinguished  between  isolates 
of  C.  gloeosporioides  (pathogenic^  wilt  and  death  of  the  plant)  and  isolates  of  C 
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acuiaium  (nonpaihogcnic=  plains  still  alive  after  4 weeks)  from  slrawbeny.  all  the 
isolates  were  pathogenic  In  fruit  bioassays.  It  is  likely  that  ripe,  tietached  strawberry  fruit 
are  not  reliable  fordeiemtlning  pathogenicity  of  Colteloirichum  spp.  on  strawberry  fruit. 
Olher  researchers  (DcnoyeS'ftothan  c(  al..  1999;  Freeman  et  al.,  1996;  Smith  and  Black. 
1990)  have  had  similar  difficulties  in  distinguishing  pathogens  from  nonpathogens  when 
using  detached  fruit  for  bioassays.  Therefore,  it  is  reasonable  to  assume  that  the  results 
from  detached,  ripe  fruit  bioassays  using  C.  glotaspariuiiles  crown  rot  or  C.  oaMfum 
fruit  rot  isolates  are  not  indicative  of  the  true  pathogenic  capability  of  C gloeospurioiiles 
crown  tot  Isolates  on  fruit,  and  that  these  isolates  do  not  cause  antbracnose  fruit  rot  of 
strawberry  under  field  conditions. 

The  analyses  of  DNA  markers  strongly  support  the  conclusion  that  C. 
gloeasporioiiies  is  the  causal  agent  for  Co/lelaiiichimi  crown  rot  and  C.  aciiiaiiim  is  the 
causal  agent  for  antbracnose  fruit  rot.  With  the  exception  of  two  C.aeiiiaiuM  isolates, 
which  did  not  produce  typical  crown  rot  symptoms,  primary  lineages  in  the  dendrogram 
were  associated  with  C,  actiiarum  (fruit  rot)  and  C.  gloeosporioides  (crown  rot).  The 
historical  C./ngarlae  isolates  formed  a distinctive  group  in  the  dendrogram  but  because 
few  samples  were  available  and  no  new  isolates  were  obtained  from  the  sampled 
locations  no  conclusion  can  be  produce  from  the  molecular  analysis  other  than  the 
observation  of  an  apparent  clonnl  structure. 

Differences  detected  by  the  AMOVA  analysis  among  populations  of  fruit  and 
crown  rot  were  expected  since  two  different  species  caused  (be  diseases.  Genetic 
diversity  among  isolates  of  C.  acuiaium  fruit  rot  wos  notably  lower  than  that  observed 
among  isolates  of  C.  gloeosporioides  crown  rot.  The  low  diversity  in  RAPD  and 


microsatellile  markers  is  suribuied  to  Uie  highly  clonal  nature  of  C.  aeuiaium.  This  lack 
of  diversity  meant  lltst  fewer  loci  were  detected  with  multiple  copies  of  alleles  among 
fruit  rot  isolates  (C.  acuiaiiun)  than  those  represented  in  the  crown  rot  population  (C- 
gloeosporiciiles).  This  condition  limited  our  analysis  of  linkage  disequilibrium  to  only 
two  out  of  putative  dO  loci  in  the  case  of  the  C.  acuratiiin  fruit  rot  population.  Detection 
of  lower  diversity  among  strawberry  isolates  ofC  actiiariim  in  comparison  with  C. 
gfoeoiporioider  isolates  have  been  reported  in  the  past  using  different  approaches  such  as 
isozyme  analysis;  arbitrarily  primed  PCR,  A + T-Ricb  DNA,  and  morphological  and 
cultuml  characteristics  (Bonde  el  al,,  1991;  Denoyes  and  Baudry.  I99S;  Freeman  el  al„ 
1993). 

In  contrast,  the  high  level  of  diversity  tviihin  the  C.  gloeosporioides  crown  rot 
population  is  mdicative  of  a sexually  reproducing  population.  Previous  research  also 
found  high  levels  of  variation  among  C gloeosponotJes  isolates  from  strawberry  and 
other  hosts  (Buddie  ct  al_  1999;  Chakrabony  ct  al-,  1997;  Freeman  et  al.,  1996;  Hodson 
ct  al.,  1992).  Considerable  diversity  among  isolates  of  C.  gloL’osparioidtrs  in  restriction 
banding  patterns  for  rDNA  and  miDNA  have  been  described  for  isolates  infecting 
avocado,  mango,  and  other  hosts  (Hodson  ct  al..  1993).  Isolates  of  C gloeosporioides 
pathogenic  on  Srjiosanihes  spp.  were  highly  variable  when  RAPDs  markers  were  used 
(Chakraborty  el  al.,  1997). 

It  is  important  to  note  that  sexual  recombination  is  not  the  only  possible 
explanation  for  high  diversity  in  C gloeosporiotdei.  Population  genetic  diversity  is  also 
a function  oreffeclivc  population  size  (N«);  under  neutrality  theory,  large  populations 
maintain  higher  levels  of  allciie  variation  (Kimura,  1983).  Diversity  is  also  a function  of 


inoleculsr  cvolulionaiy  rate;  higher  mutation  rales  can  produce  a higher  standing  crop  of 
genetic  diversity  (Hodson  ci  al,  1992).  The  age  of  populations  can  also  influence  genetic 
diversity,  as  a habitat  that  is  recently  colonized  will  harbor  less  diversity  lhan  an  older 
population,  especially  if  the  young  population  was  founded  by  a few  colonizers 
(bottleneck  effect)  (Hanl  and  Clark,  1989).  The  genetic  diversity  reported  in  these 
findings  could  also  be  explained  by  extremely  long  periods  of  independent  evolution 
from  a single  slrain  that  gained  the  ability  to  infect  a particular  host,  or  by  assuming  that 
pathogenicity  on  a certain  host  may  have  been  acquired  by  a large  number  of  genetically 
distinct  strains  (Chakraborty  ei  al..  1997;  Hodson  el  al..  1992).  None  of  these 
explanations  can  be  excluded  with  finality.  However,  asexual  reproduction  by  conidia 
results  in  clonal  population  structures  that  have  distinctive  features,  such  as  widespread 
occurrence  of  identical  genotypes  and  correlations  between  independent  sets  of  gcnelic 
markers  (Milgroom,  I99d).  Our  results  from  the  eoefllcienls  of  similarity  and  linkage 
disequilibnum  tests  agree  with  die  characteristics  of  an  asexual  population  for  C. 
aciiroiiimond  Cyhagac/ne.  but  not  (or  C.glocosporloida.  The  relatively  large  number 
of  unlinked  loci  found  In  the  crown  rot  population  demonstrates  that  at  least  some  of  the 
molecular  markers  have  been  under  a slate  of  random  gametic  association  or  sexual 
recombination  (linkage  equilibrium)  (Hard  and  Clark.  I9S9).  On  (he  other  hand,  the  low 
levels  of  recombination  (linkage  desiquitibrium)  found  among  putative  loci  from  the  C. 
aciiiaiiirn  population,  where  no  unlinked  loci  were  detected,  are  indicative  of  an  asexual 
population.  Low  levels  of  linkage  desiquilibrium  can  also  result  from  the  examination  of 
very  short  regions  of  the  genome  that  have  low  levels  of  recombination  or  by  looking  al 
regions  which  do  not  undergo  recombination  at  the  same  rate  as  the  rest  of  the  genome 


(Hanl  and  Clark,  1939).  Bccauae  markers  from  RAPD  and  microsacclliic  analyses  arc 
produced  from  randomly  associated  loci,  and  tar[>el  multiple  neutral  regions  of  the 
genome  (Hadidi  etal.,  1995;  Peeverand  Milgroora.  1993)  the  low  levels  of  linkage 
equilibrium  observed  in  the  C.  acvtaiuni  population  (fruit  rot)  are  not  likely  to  be  the 
result  of  targeting  sections  of  the  genome  with  low  levels  of  recombination.  Bather  it 
strongly  indicates  that  clonal  processes,  such  os  infections  produced  by  conidia, 
fashioned  the  fruit  rot  population  evaluated  in  this  study. 

The  limited  diversity  seen  within  the  C.  acuraiuni  population  con  also  be 
explained  by  the  use  of  strawberry  transplants  from  different  nursery  sources,  which 
increase  the  diveisity  ofC  acutaiuin  strawberry  populations  by  the  addition  of  different 
clonal  lineages.  These  clonal  lineages  can  later  be  dispersed  through  fields  by  conidia 
being  carried  by  tvorkers.  rain  droplets  or  insects  (Howard  cial..  1992;  Lcgard,  2000; 
Maas.  1998)  as  is  suggested  by  the  characterization  of  the  C acuiamm  fruit  rot 
population  as  one  with  very  low  diversity  and  no  detectable  linked  loci  (clonal 
population)  as  reported  here.  A similar  conclusion  has  been  suggested  in  studies  on  the 
epidemiology  of  C.  acurantm  (Denoyes  and  Baudry.  1995;  Eastbum  and  Gubicr.  1990; 
Freeman  etal..  1 997;  Fiucman  and  Kaian.  1997;  Hotvard  etal.,  1992;  Wilson  el  al_ 
1992).  In  contrast  to  the  situation  described  with  populations  of  C acuialum  fruit  rot. 
infections  from  ascospores  may  play  an  imponamrole  in  the  epidemiology  of 
Collelairichum  crown  rot  associated  with  C.  gfocospor/o/tfes  (population  highly 
polymorphic  with  unlinked  loci). 

It  is  interesting  that  only  the  asexual  stage  {Colleioirichitm  spp.)  has  been 
observed  on  strawberry  (Buddie  etal..  1999;  Denoyes  and  Baudry,  1995;  Freeman  and 
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Katan.  1 997;  Maaa,  1 998)  <lespil«  aur  ivsulls  that  demonstrate  the  strong  possibilityfor 
the  involment  ota  sexual  stage.  Perithecial  production  in  C.  diigutaia  is  very  sensitive 
to  environmental  conditions  (Sunon.  1992).  According  to  Sutton  (Sutton.  1992).  this 
may  have  discouraged  testing  of  sufficient  strains  or  to  search  for  the  appropriate 
environmental  conditions  when  looking  for  the  perfect  state  of  Co/leroirir/ium  spp.  The 
occurrence  of  initial  infections  for  CoIUiotrlcImm  crown  rot  apparently  produced  by  the 
tclcomorpbic  state  (C.  cingiitara)  may  be  taking  place  under  environmental  conditions 
different  than  what  occurs  in  Ihiit  production  fields.  As  it  was  stated  above,  it  is  likely 
thai  transplanis  arc  the  source  of  primary  inoculum  for  Co/leroirichiim  diseases  of 
slrawberrv  (Howard  et  aU  1992;  Freeman  ei  aU  1997)  and  die  icleomorphic  stage  may  be 
occurring  in  Ihe  nuRcry. 

The  realization  that  anthracnosc  fruit  rot  and  Co/ferorrt'c/rirnr  crown  rot  are  caused 
by  different  species,  C.  acirrornm  and  C.  cinguhia  (anamorph  C.  gloeosporiouiesj 
respectively,  and  the  large  differences  in  genetic  divcRity  within  eadi  species  has 
important  implications  for  quarantine  and  management  of  these  diseases.  Resislcnt 
cultivaRareoneofthcmosi  effective  means  of  controlling  disease  (Denoyes.  and 
Baudo'.  1995;  Mass.  J.  L.  I99S).  In  several  studies,  the  expression  of  disease  resistance 
to  C.  octiraium  has  been  found  to  be  dependant  on  the  strain  of  the  pathogen  (Agostini  ct 
aU  1992;Chakraborty  etal.,  1997;  Dcnoycs-Roihan.  1997;  Denoyes  and  Baudiy,  1995), 
which  may  explain  why  18  C.  acuidiiim  isolates  originally  recovered  from  symptomalic 
strawberry  tissue  did  not  cause  symptoms  in  inoculated  crowns  but  did  when  tested  on 
fruit,  ^52ten  screening  breeding  lines  for  resistance  to  anthracnose  fruit  rot,  it  is  probably 
advisable  that  breeders  use  several  strains  of  C.  acutatum  for  the  inoculations.  For 
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Colletoirichiim  crown  rot,  breeders  will  need  to  use  C gtoeosporioides  and  likely  include 
abroad  selection  of  isolates  to  effectively  screen  gcrmplasni  for  resistance  to  crown  rot. 
There  arc  ivsislani  culiivars  of  strawberry  that  have  shown  immunity  to  anthracnosc  fruit 
rot  caused  by  C.  acuiaiunt,  but  no  completely  resistant  culiivars  are  known  for 
Colleiairichum  crown  rot  caused  by  the  highly  variable  C.  gloeosporioides  (Denoyes  and 
Baudry,  1995;  Delpand  Milholland.  1980;  Freeman  el  al.,  1997;  Howard,  1992;  Mass, 
1998).  Limited  research  has  been  conducted  to  evaluate  the  importance  of  sexual 
reproduction  in  the  life  cycle  of  C gloeosporioides,  the  efTccl  on  population  structure,  or 
the  potential  for  genetic  exchange  bebveen  distinct  isolates  from  different  geographical 
regions  (Sutton.  1 992).  Sexual  recombination  may  make  C gloeosporioides  a more 
adaptable  fungus,  and  therefore  a more  difficult  pathogen  to  control.  Colleioirrchum  spp. 
can  show  different  levels  of  resistance  to  fungicides  (Freeman  ci  al..  1997;  Smith  and 
Black.  1990)  and  additional  caution  should  be  taken  regarding  recommendations  on 
resistance  or  tolerance  to  fungicides. 

Although  the  inlenl  of  this  study  was  not  to  elucidate  the  role  of  non-strawberry 
hosts  in  epidemics,  it  appesrs  that  isolates  infecting  other  crops  such  as  Ciinis  spp.  or 
mango  do  not  play  a role  in  epidemics  of  Co//wo/ricAuw  diseases  in  strawberry.  Hodson 
cial.  (1992)  reported  that  isolates  obtained  from  avocado,  banana,  mango,  and  papaya 
cluster  in  different  groups  based  on  rDNA  or  ratDNA  BJLP  patterns  suggesting  a suong 
specificity  among  specific  populations  of  C.  gloeosporioides  and  their  hosts.  More 
observations  from  diffcrcat  production  areas,  accompanied  by  better  taxonomic  tools, 
must  be  available  in  order  to  verify  the  applicability  of  the  findings. 


CHAPTERS 

CONCLUSION 

Collaoiriehum  species  cause  anlhracnosc  fniii  rot  and  Colleloirichum  crown  rol 
rcsuUing  in  signiflcanl  yield  losses  on  smwberry  worldwide.  The  liieralurcon 
CoHelorricfuini  diseases  in  siniwherry  does  not  consider  the  teleomorphic  stale 
tCtwiierello  spp.)  important  in  epidemics  of  these  diseases.  However,  the  initial  source 
of  inoculum  for  epidemics  of  anihraenose  fruit  rot  and  Cotleiorriehum  crown  rot  is 
unclear  and  imponom  questions  remain  eoneeming  the  etiology  and  population  genetics 
of  strawberry  diseases  caused  by  Colletoliichim.  In  this  disscnclion,  isolates  recovered 
from  commercial  fields  were  used  to  identify  the  etiology  and  evaluate  the  genetic 
diiersiiy  of  populations  of  Colteonictaim  spp.  on  strawbeny.  The  potcnlial  for  C. 
gtoeosperioides  and  C acuiaiim  to  over-summer  in  strawberry  plant  debris  to  over- 
semmer  under  field  conditions  in  Florida  was  also  evaluated  to  determine  its  potential  as 
a source  of  primary  inoculum. 

The  data  presented  lietc  indicate  that  anlliracnosc  fhrit  rot  is  caused  by  ascaualiy 
reproducing  populations  of  C.  ocuiaiuni  and  Collciotricimm  crown  rot  is  caused  by 
sexually  reproducing  populations  of  Chmeivlh  ciirgutaia  (anamorph  C. 
gloeosporioides).  These  conclusions  are  important  when  considering  lltc  control  of 
Callemirichum  crown  rol  and  anihraenose  fruit  rot  Breeding  strawbeirics  resistant  to 
clonal  populations  of  C act/re/um  (anihraenose  fruit  rot)  may  be  easier  than  developing 
cuUivars  resistant  to  C.  gloeosporioides  i^Colieroirichum  crown  rot)  where  significant 
let  elsofgenelic  diversity  were  delected.  A sexually  reproducing  pathogen  population 
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such  as  C.  gioeosporioides  has  greater  potential  to  overcctne  resistance  genes  through 
recombination  of  odvantageous  genes  than  an  ascsually  produced  population.  The 
presence  of  strawberry  germplasm  Itighly  resistant  to  anthracnosc  fruit  rot  and  the  lack  of 
resistant  getmplasm  to  Colleioirichum  crown  rot  supports  these  observations.  Given  that 
the  pathogen  responsible  for  either  fruit  or  crown  diseases  can  now  be  identified  based  on 
observed  symptoms,  control  measures  spccillc  for  eadi  pathogen  can  be  developed  and 
implemented.  For  example,  C.  unirutiim  is  constihnivciy  resistant  to  benomyl  whereas 
C.  gloeospofioides  isolates  are  variable  in  sensitivity.  Because  fruit  rot  is  only  caused  by 
C.  aaiaium,  benzimidazole  fungicides  cannot  control  this  disease.  However, 
benzimidazolc-lypc  fungicides  may  control  Colleiotrlchun  crown  roL 

It  is  important  to  clarify  to  the  growers  that  C acuiaium  con  also  cause  a slow 
decline  and  death  of  strawbciry  plants  that  can  be  confused  with  Colleioiriehum  crown 
rot.  However,  the  symptoms  of  this  disease,  sucii  as  srunttng  and  slow  decline,  arc 
different  from  the  rapid  plant  wilt  and  death  caused  by  C.gloeosporioides.  Perhaps,  this 
disease  should  receive  a distinct  name  such  as  ‘'Colle{aiiichimi  slow  decline". 

Propagulcs  of  C,  gloepsponoides  or  C.  acuiauim  do  not  over  summer  in  buried 
strawberry  crowns  in  Florida.  Populations  of  C acuiaium  and  C.  gloeospohoides 
declined  to  undcieeiable  levels  within  56  to  93  days  of  burial  of  crown  tissue.  This  lime 
period  is  long  enough  to  eliminate  this  potential  inoeulum  source  because  it  is  shorter 
than  the  1 20  to  130  days  lime  period  that  normally  elapses  between  the  end  of  a 
strawberry  season  and  ilte  selling  of  new  plants  the  next  season.  However,  due  lo  the 
potential  for  survival  of  some  inoculum  for  over  56  days  in  well-preserved  strawberry 
debris,  it  is  prudent  that  growers  incorporate  plant  material  at  the  end  of  the  season  to 


allow  sulTIciem  lime  lo  allow  decomposiiion  of  ihe  plant  tissue  and  elimination  of 
inoculum. 

Because  Cotletothchum  species  do  not  over-summer  in  soil  or  plant  debris  in 
Florida,  other  sources  of  inocultim  such  as  non-strawberry  hosts  or  infected  transplants 
arc  the  potemiai  sources  of  inoculum  for  Colletoiridium  diseases.  The  objective  of  this 
study  was  not  lo  describe  Ihe  cole  of  non-strawberry  hosts  in  epidemics  of  Colltioliichum 
diseases  in  strawberry.  However,  the  separation  in  the  dendrogram  of  Colleioiriehum 
isolates  recovered  from  symptomatic  sliawberries  from  isolates  recovered  on  non- 
strawberry  hosts  suggested  that  non-strawberry  hosts  do  not  provide  inoculum  for 
epidemics  of  CoHcioidchum  spp.  in  strawberry.  This  situation  corresponds  with 
hypothesis  ofhosl  specificity  described  for  other  crops  such  as  mangoes,  avocados,  and 
almond  which  arc  also  affected  by  Cofleioiridmiii  diseases.  Transplants  arc  the  most 
likely  sources  of  inoculum  for  epidemics  of  anihracnosc  fruit  rot  and  Colleioirkhum 
crown  rol  in  slrawbeiry.  The  fact  that  slrawbctry  plants  arc  asexually  propagated  favors 
Ihe  distribution  orinfecied  material  from  nurseries  to  fruiung  fields. 

Through  the  use  of  traditional  and  molecular  tools,  a beiler  understanding  of  the 
biology  of  Colkroirichum  species  pathogenic  on  strawberry  has  been  obtained.  $cmi- 
seleclive  media,  bloassays.  and  isolation  and  recovery  of  fungal  isolates  infecting  plan! 
Tissue  are  some  of  the  traditional  methods  used  to  clarity  the  survival  ability  of 
Colkiofrichum  spp.  in  strawberry  plant  debris.  Similarly,  molecular  approaches 
involving  RAPD  f ap-PCB  markers,  species-specific  primers,  and  PCR  have  helped  to 
elucidate  the  etiology  ofanlhracnose  fruit  rot  and  Colldoiricbum  crown  rot  and 
investigate  the  population  genetics  and  biology  of  the  pathogens  causing  these  diseases. 


Additional  research  is  needed  to  belter  characterize  the  epidemiology  of  Co/ZerorricAnin 
diseases  on  strawberry.  Testing  recombination  among  C gloeosporioides  isolates  (rum 
strawberry  and  other  hosts,  evidence  for  transplants  serving  as  the  primary  source  of 
inoculum  for  anthracnosc  fruit  rot  and  Colleioirichum  crown  rot  in  commercial  fields, 
and  further  evaluation  of  the  role  of  Colleioirichum  isolates  from  non'Slraw  berry  hosts 
arc  some  important  areas  for  potential  research. 


Table  5.  Presence  (+)/absence  (-)of puiaiive  molecula 
(bp)  generjicd  by  PCa  with  (CACA) . and  (AITTG)  4 [ 
C efofoiponoides  as  idcniilied  by  ITS  Drimera. 


P95^7A 

P95-6rB 


77 


Table  6.  Presence  (♦j/abseece  (•)  of  putative  molecular  loci  ordered  by  molecular  size 
(bp)  generated  by  PCR  with(OACA)4and  (ACTG)j  primers  from  crown  rot  isolates  of 

C gtofosporioic/fs  as  tdenufied  by  ITS  primers. 

(GACA).  (ACTG). 
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Tables.  Presence  |->-Vabsi;ncc  (-)  of  puieiive  molecular  loci  ordered  by  molecular  size 
(bp)  generated  by  PCR  with  (GACA)iand  (ACTO) , primers  from  crown  rot  isololes  of 
C gtoeosDorioidai  or  C.  acuioium  f ) as  ideniified  by  ITS  primers. 
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F99-48A 

F99-51 

F99-140 


so 
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Table  10.  Presence  (+Kabsciice  (•)  of  putative  molecular  loci  ordered  by  molecular  siae 
(bp)  generated  by  PCR  with  OPC-Sand  (TCC)s  primers  from  croftti  rot  isolates  of  C 
glofospcnoida  as  idermlled  by  fTS  primers. 


Table  11.  Presence  (+)/abscnce  (-)  of  piilaiive  it 
(bp)  gencraied  by  PCRwiib  OPC-5  and  (TCC),  p 
gloeosporioides  as  idcruiricd  by  ITS  primers. 
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Table  12.  Presence  (+)/ab$ence(-)ofputativc  molecular  loci  ordered  by  moleeularsia 
(bp)  generated  by  PCR  with  OPC-Sand  (TCCli  primers  from  crown  rot  isolates  of  C 
troraw  f *)  as  idenlifted  by  ITS  primers. 
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F87-47C 

F97-48A 


F99-W1 

F95-23- 

LJS96-17- 
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Table  17.  Presence  (+)/absetice(-)  of  pulalive  moleciilar  loci  ortered  by  molecular  size 
(bp)  generated  by  PCR  with  (GACA)<and  (ACTG)i  primers  from  isolates  atC.fragariae 
from  strawberry  and  other  Co/leioirichum  spp.  isolated  from  non-strawberry  hosts(‘)  as 
identified  by  ITS  primers. 

((3ACA).  (ACT6), 
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C.fragariae 


USH-21 


C gloeosporioides’ 


C.  uvururiwi' 
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